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AMENDMENT TO SOLICITATION   
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Amendment No.  R0016      Page:  2 
 
 
 
a.  The following drawings are substituted for the superseded 
drawings.  The identifier “AM#16” appears before and after revised 
drawings as listed in SCR-5.  

 
NONE 

  
b.  The following revised documents are substituted for the 
superseded documents.  The identifier “AM#16” appears before and 
after new and revised material as noted below.  
 
Technical Specifications: 
 

SECTION 01010: 
 PART 1:  Scope Summary 
 PART 2:  Minimum Design Criteria 
  
SECTION 01012: 
     Design After Award    

 
Note:  Revisions within the following documents do not contain the 
above referenced identifiers. 
 
None. 

 
c.  The following attachments are added. 
 

Appendix 4A 
Appendix 12 

 
 

      Appendix 19 
      Findings ELM179 
 
d.  NOTICE TO OFFERORS:  Please mark outside of envelope in which offer 
is submitted to show amendments received.  You are required to 
acknowledge receipt of this amendment on the reverse side of Standard 
Form 1442. 
 
 
 



DACA85-02-R-0009 
Amendment R0016 
 
1. Proposal Due date is extended to 31 January 2003.   
 
2. Changes to Section 00100: 
 
1.1  BOND AMOUNT REQUIRED:  References to a letter of commitment are deleted.  
Revised page 1 of Section 00100 is attached.   
 
Past Performance Survey Form:  The FAX number and the phone number is 
incorrect. The correct FAX number is (907)753-2544. The correct phone number 
is (907)753-2838. Revised page 15 of Section 00100,Past Performance Survey 
Form, is attached.   
 
SUBCONTRACTING PLAN FORMAT: SUBCONTRACTING GOALS FY 2003 for the Alaska 
District Contracts, The percentage required for HubZone for FY 2003 is 3.0%.  
Revised page 19 of Section 00100, Subcontracting Goals, is attached.  
 
SUBCONTRACTING PLAN FORMAT: The Subcontracting Plan Dollar Amounts, 
subparagraph c. is revised to include subparagraphs g. & h. in the total.  
Revised page 20 of Section 00100,Subcontracting Plan, is attached. 
 
Paragraph 2.2  SELECTION PROCESS:  Paragraph b. is change to reflect the 
equal distribution of the stipend as identified in Section 00120. Revised 
page 4 of Section 00100 is attached. 
 
3. Proposer’s Questions: 
 
Additional answers to Proposer’s Questions attached. 
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SECTION 00100 
 

INSTRUCTIONS, CONDITIONS AND NOTICES TO OFFERORS 
 
PRICE LIMITATION – The target ceiling for the base contract award to design and construct of the Fuel 
Systems Maintenance Dock at Elmendorf Air Force Base is approximately $ 11,861,000.00.  The offeror 
is encouraged to approach this amount; the Government may obtain additional funds, but cannot 
guarantee that additional funds will be made available for award should this amount be exceeded.   
 

IMPORTANT NOTICE TO OFFERORS 
 

OFFERORS ARE ADVISED THAT A CONTRACT RESULTING FROM THIS SOLICITATION IS 
CONTINGENT UPON CONGRESSIONAL APPROVAL.  PLEASE BE ADVISED THAT SHOULD 
CONGRESS NOT AUTHORIZE THIS PROJECT OR APPROPRIATE THE FUNDS THE SOLICITATION 
WILL BE CANCELLED.  IF THE SOLICITATION IS CANCELLED, ALL PROPOSAL PREPARATION 
COSTS WILL BE BORNE BY THE OFFEROR AND THE GOVERNMENT WILL NOT REIMBURSE 
OFFERORS FOR THEIR COSTS ASSOCIATED IN PREPARING THEIR PROPOSALS. 
 
1.  GENERAL INFORMATION 
 
1.1  BOND AMOUNT REQUIRED 
 

a. Performance and Payment Bonding requirements are identified at Clause 52.228-15, 
Performance and Payment Bonds Construction (JUL 2000) at Section 00700. 

 
b. Proposal Bond requirements are identified at Clause 52.228-1, Bid Guarantee (SEP 1996) in 

Section 00700.  Offerors are required to obtain …AM#16…either a…AM#16… proposal bond. 
…AM#16… or a written letter of commitment from a good and sufficient surety.  The obligation of 
the surety under the letter of commitment shall be equal to the contract price.  The letter of 
commitment shall express the surety’s willingness to provide the required bonding within 10 
calendar days after notification that the contractor transmits the need to the surety. The proposal 
guarantee amount shall be 20 percent of the proposal price or $3 million, whichever is less. 
…AM#16… 

 
1.2  SURETY REQUIREMENTS 
 

a. Corporate Sureties – Corporate sureties for bid, performance, and payment bonds must 
appear on the list contained in the Department of the Treasury Circular 570, “Companies 
Holding Certificates of Authority as Acceptable Sureties on Federal Bonds and 
Acceptable Reinsuring Companies”.  Other requirements for corporate sureties are 
contained in FAR 28.202-1. 

 
b. Individual Sureties - If individual sureties are used for bond obligations, they must meet 

the requirements under FAR 28.203. 
 
 
1.3  INQUIRIES 
 

Prospective offerors may submit inquiries to: 
 
a. Susan Coyner, Contract Specialist,  (907) 753-2838, FAX (907) 753-2544, or email 

Susan.M.Coyner@poa02.usace.army.mil.  Written inquiries should be addressed to: U.S. Army 
Engineer District, Alaska, Contracting Division(Coyner), P.O. Box 6898, Elmendorf AFB, AK  
99506-6898. 

 
Section 00100- Page 2 
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SOLICITATION NO. DACA85-02-R-0009 
Fuel Systems Maintenance Dock, Elmendorf AFB, Alaska 
OWNER/CLIENT PAST PERFORMANCE SURVEY 
 
The U.S. Army, Corps of Engineers, is interested in your assessment of the named company's “past 
performance." The quoted term refers to the company's record of conforming to contract requirements 
and to standards of good workmanship; the firm's record of forecasting and controlling costs; the firm's 
adherence to contract schedules including the administrative aspects of performance; the firm's history of 
reasonable and cooperative behavior and commitment to customer satisfaction; and the firm's general 
business-like concern for the interest of the customer.  
 
These questions relate to the work-performed by__________________________________________    
      (Name of Offeror) 
At _______________________________________________________________________________ 

 (Name and Location of Project) 
 
1. Is the information provided by the contractor in the Project Experience Form accurate and correct to the best of 
your knowledge and why? Yes / No. ______ Explanation: ________________________________ 
_____________________________________________________________________________________ 
 
2. How would you rate the performance of this Contractor on the subject project? 
 

a. The company's record of conforming to contract requirements and standards of good workmanship 
Excellent    Good      Satisfactory      Fair      Unsatisfactory 
 

b. The firm's adherence to contract schedules including the administrative aspects of performance 
  Excellent     Good      Satisfactory      Fair      Unsatisfactory 
 

c. The firm's history of reasonable and cooperative behavior and commitment to customer satisfaction 
  Excellent     Good      Satisfactory      Fair      Unsatisfactory 
 

d. The firm's general business-like concern for the interest of the customer 
  Excellent      Good      Satisfactory      Fair      Unsatisfactory 
 
 e. The firm’s price, in terms of initial price and control of changes or claims. 
  Excellent      Good      Satisfactory      Fair       Unsatisfactory 
 
3. Comments. _______________________________________________________________________ 
_______________________________________________________________________________________ 
_______________________________________________________________________________________ 
_______________________________________________________________________________________ 
_______________________________________________________________________________________ 
 
Name_____________________ Title _______________________ Telephone ______________________ 
 
Fax_____________________________ E-Mail Address___________________________ 
Date _________________________ 
 
Return to:  U.S. Army Corps. Of Engineer 
                           PO Box 898   Attn:  Contracting Division/Susan Coyner 
                   Anchorage, AK  99506-0898 
  …AM#16… Ph: (907) 753-2549 2838 FAX:  (907) 753-28382544…AM#16… 
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SUBCONTRACTING PLAN FORMAT 
 

SUBCONTRACTING GOALS FY 2003 
for the Alaska District Contracts 

 
                                                     Small Business 61.4% 
 
 Small Disadvantaged 9.1% 
 

Woman-Owned Small Business 5.0% 
 
 HUBZone Business                          …AM#16…  2.5% 3.0% …AM#16… 
   
 Veteran-Owned Small Business 3.0% 
 
 Service Disabled Veteran-Owned  
                                                     Small Business              3.0% 

 
 
1.  SUBMIT YOUR PLAN IN THE ATTACHED FORMAT 
 
2.  Subcontracting Plans will be evaluated in accordance with FAR Clause 52.219-9 Alternate II and 
AFARS Appendix DD, Subcontracting Evaluation Guide. 
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SUBCONTRACTING PLAN 

 

FIRM __________________________________________________ Sol. No. ______________________________  

 __ _______________________________________________Contract No. ____________________________    

PROJECT TITLE 

 _______________________________________ 

CONTRACT SPECIALIST RESPONSIBLE FOR PRE-AWARD ______________________________ 

NAME OF OFFICE ADMINISTERING CONTRACT TO INCLUDE SUBCONTRACTING PLAN: (If more 

than one office, name all offices/responsible parties): 

_________________________________________________________________________________ 

_________________________________________________________________________________ 

 
 
I. Dollar Amounts (If possible, DO NOT include indirect costs): 
     
 
 a. Total amount of contract $ _________________ 
 
 b. Total estimated amount of  
  planned subcontracting dollars  $ _________________  
 
 c. Total dollars planned to be  
  subcontracted to Small Business 
  (including d., e. …AM#16… & f., 
   g., & h. …AM#16… below) $ _________________  
 
 d. Total dollars planned to be 
  subcontracted to Small  
  Disadvantaged Business $ _________________  
 
 e. Total dollars planned to be 
  subcontracted to Women-,  
  Owned small business $ _________________  
 
       f.    Total dollars planned to be 
              subcontracted to HUB -  
            Zone small business                        $ ________________    
 
      g.    Total dollars planned to be 
             subcontracted to Service Disabled  
             Veteran-Owned small business 
             concerns.                                         $ ________________ 
  
 h.   Total dollars planned to be sub- 

contracted to Veteran-Owned 
small business concerns.                 $_________________ 
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project. The offeror will also submit a unique technical solution for this project in the form of drawings, 
narratives, schedule, and price. 

 
 b.   Those offerors  …AM#16…submitting a proposal that meets the submittal requirements 

described herein and also meets the minimally acceptable design criteria set forth in Section 
01010.  in the second and third ranking  …AM#16…will be entitled to split a stipend fee of 
$150,000.  To receive a portion of the stipend fee, each offeror must submit a proposal that 
meets the submittal requirements described herein and also meets the minimally acceptable 
design criteria set forth in Section 01010.  The distribution of stipends is shown at the end of 
Section 00120 of this solicitation.  The Government will have rights to the design submitted by 
each offeror in accordance with DFARS 252.227-7022 Government Rights Unlimited (March 
1979). 

 
 
2.3  GENERAL REQUIREMENTS 
 

a. The intent of this RFP is to solicit proposals for the Design-Build of a new Fuel Systems 
Maintenance Hangar at Elmendorf Air Force Base, Alaska.  The solicitation criteria rely upon 
industry standards, as much as possible, to allow the Offeror a degree of design flexibility while 
meeting certain specific project requirements.  

 
b. Proposal Submissions: 
 

(1)  MAIL PROPOSALS TO:   U.S. Army Corps of Engineers, Alaska District 
    P.O. Box 6898 
    ATTN:  CEPOA-CT-C/M (Room 29) 
    Elmendorf AFB, AK  99506-6898 
 
(2)  PHYSICAL ADDRESS:   2204 3rd Street 
    Elmendorf AFB, AK  99506 
 
Deliveries must pass through the security desk in the lobby.  Call extension 2552, 2545, 2836 or 
2540 to leave a message for pick-up.  Be advised there is limited telephone service in the lobby. 
 
(3)  FOR DELIVERIES ON THE PROPOSAL DUE DATE: 
 
Proposals will be accepted at the Denali Commission, 510 L Street, Suite 410, Anchorage, 
Alaska between 2:00 PM and 4:00 PM on the date in Block 14 of Standard Form 1442.  See 
http://www.denali.gov for location and parking information.  

 
c. The Government must receive your proposal no later than the time and date specified in Block 13 

of Standard Form 1442. 
 

d. Offerors shall perform sufficient design work prior to submitting proposals in order to verify 
quantities and costs.  

 
e. Proposal clarity, organization and cross-referencing are mandatory.  The Offerors should 

sufficiently detail and clearly define all items addressed herein and shall label and tab their 
proposal consistent with the solicitation format  (Tab A, B, C, etc.) outlined herein.  Written 
portions shall be in 8-1/2" x 11" format with three holes punched, in a three-ring binder and with a 
table of contents.  Each page of each volume of the proposal shall have the page number on the 
bottom of the page starting with the first page to the last. 

 
 

Section 00100- Page 6 



DACA85-02-R-0009 
Amendment R0016 
 

Answers to Proposer’s Questions 
 
1. Section 00100, Para. 3.2.1 TAB A Technical Solution (b) drawings  
 There is no requirement for Structural drawings listed?  
  

Response:    Correct, there is not a requirement for structural 
drawings to be submitted with their proposal. 

  
2. Contractor's Question:  The following item concerns the requirement for 

isolating heat exchangers between boilers and glycol system.  As currently 
written, Section 01010 page 75 Pgh 2.6.9 A does not require that the 
boiler fluid be water.  It calls for an isolating heat exchanger in the 
sentence directly after the snow melt system description, which I 
interpret as requiring a heat exchanger between the main glycol heating 
fluid and the snow melt system.  Please confirm that this interpretation 
is correct, that no isolating heat exchangers are required between the 
boilers and the main hydronic system, only between the main hydronic 
system and the snowmelt system. 

  
Response: Change the response in Amendment 15: "The boiler fluid has to 
be water. A heat exchanger between the boiler and the main hydronic 
distribution system is required. " 

 
 
3. 01010, 2.8.3.A.2: Is NFPA 13's requirement for increasing the design area 

by 30% for sloped roof required for this hangar?  
 

Response:  The water density/area requirements are listed in ETL 01-2, 
A1.3.1.1. and sub-paragraphs. This ETL takes precedence over NFPA 13 if 
there is a conflict.  Added to the clarification:   "Yes increase the 
design area by 30% for sloped roof”.  
 

4. Does a small business have to submit a small business plan with their 
proposal? 

 
Response:  The requirement for a Small Business Plan only applies to 
Large Businesses. 

 
5. Intercom – The Maintenance Bay Room Criteria calls for “Bat (Battery?) 

Phone, paging”. There is no performance criteria for intercom or public 
address equipment. Please clarify the requirement. 

 
Response:  The "Bat" phone is a base phone system currently installed 
in Hangar 10.  Install a new "Bat" phone system in the new hangar 
configured similarly to the existing one in Hangar 10. 

 
6. Facilities Requirements Plan: The excerpts from the RFP provide 

additional criteria, but because of the partial presentation, the 
locations for the specific criteria are not listed. Specifically, 
paragraphs 7.6.9.7, 8 and 11 call for electrical criteria but the 
location for these requirements is not stated. Is the location defined 
under the 7.6.9 series applicable to this project? 
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Response:  Electrical criteria for this project is included in section 
2.7 of the Design-Build RFP; Fire Protection criteria is included in 
section 2.8. 

 
7. Facilities Requirements Plan paragraph series 7.3.16.x provides 

additional requirements. What area do the requirements under the 7.3.16 
series pertain to? 

 
Response:  Sections 7.3.16.x pertain to the entire hangar and are self 
explanatory.  For example 7.3.16.5 Rest Rooms applies to the rest 
rooms; 7.3.16.6 Fire Protection applies to the entire hangar; 7.3.16.7 
Floor Coverings contains a specific requirement for the dock area 
floors; etc. 
 

8. The Facilities Requirements Plan paragraph 7.6.10.14 calls for 
“explosion-proof lighting levels” in the dock and shop areas. Are 
explosion proof lighting fixtures required even if located outside the 
classified areas as defined by ETL 01-2, T.O. 1-1-3 and NEC? 

 
Response:  No. 

 
9. Is the electrical power available to the hangar reliable per the 

requirements of ETL01-2, Para. A1.4.3.3? Are the following exceeded: 
Forced downtime, excluding scheduled repairs, of 8 consecutive hours for 
any one incident over the previous three years? 24 cumulative hours of 
downtime during the previous year?  

 
Response:  No. 
 

10. Which version of Section 01010 is applicable?  Amendment 12 reissues 
Section 01010, Design Requirements.  Are we to assume that the section 
has changed since issuance of Amendment 10?  Both Amendment 11 and 
statements made by COE personnel during the December 18th pre-proposal 
meeting stated that Amendment 10 Section 01010 was replacing all previous 
editions.  From a cursory scan of the section, it appears that Section 
01010 of Amendment 10 indicating that there was no change between 
Amendments 10 and 12.  However, Section 01010 paragraphs 2.4.7.F, 2.6.17, 
2.7.21, 2.8.26, 2.8.27, and 2.8.28 (partial list) were modified in 
Amendment 10, but have reverted to pre-amendment 10 wording in Amendment 
12.  Are the Amendment 10 changes still applicable, or is Amendment 12 
the governing text? 

 
Response:  Delete paragraph 2.4.7.F “Some Manufacturers that provide 
doors meeting the above requirements above salient features” and 
renumber paragraph 2.4.7.G to 2.4.7.F as in Amendment 10.  Delete 
references to “in association with DACA85-00-D-0006/0005” in paragraph 
2.8.26 and 2.8.28 as in Amendment 10.  Delete references to preferred 
items in paragraph 2.8.27 as in Amendment 10. 

 
11. Contractor Questioned the provision of 'Elmendorf Air Force Base 

Installation Design Guide' - as referenced in 01010 2.4.14 E, Interior 
Signage. 

 
Response:  The Elmendorf signage guide (base design guide ref in 01010) 
is essentially the same as the following AF pamphlet which is on the 
web site previously forwarded, pg 16 of appendix 3 (Elmendorf 
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Architectural Compatibility) makes this comparison -which is in the 
contract document. 
http://www.e-publishing.af.mil/pubfiles/af/32/afpam32-1097/afpam32-
1097.pdf 
 

 



AMENDMENT 0016 – NEW WAGE RATES 

 
                                                           DACA85-02-R-0009 
 
 
 

SECTION 00700a 
General Wage Decision AK020001 

(Dated (03/01/2002) 
                         Modification Record: 
                         No.               Publication Date 

0 03/01/2002 
1 03/08/2002 
2 03/22/2002 
3 03/29/2002 
4 04/05/2002 
5 04/12/2002 
6 05/03/2002 
7 05/10/2002 
8 05/17/2002 
9 06/07/2002 
10 06/21/2002 
11 07/05/2002 
12 07/12/2002 
13 07/19/2002 
14 08/09/2002 
15 08/30/2002 
16 09/06/2002 
17 09/13/2002 
18 12/20/2002 
19 01/03/2003 

                   AM#16… 20    01/17/2003 …AM#16 
                          
 

General Wage Decision AK020006 
(Dated (03/01/2002) 

                         Modification Record: 
                         No.                Publication Date 

0 03/01/2002 
1 03/22/2002 
2 03/29/2002 
3 05/03/2002 
4 06/07/2002 
5 06/21/2002 
6 07/05/2002 
7 07/12/2002 
8 07/19/2002 
9 08/09/2002 
10 08/30/2002 
11 09/06/2002 
12 12/20/2002 
13 01/03/2003 
 

 
  
 
 



BRS Document Viewer             
General Decision Number AK020001 
 
 
 
   General Decision Number AK020001 
   Superseded General Decision No. AK010001 
   State: Alaska   Construction Type: 
   BUILDING 
   HEAVY 
   County(ies): 
   STATEWIDE 
   BUILDING AND HEAVY CONSTRUCTION PROJECTS (does not include 
   residential construction consisting of single family homes 
   and apartments up to and including 4 stories) 
   Modification Number     Publication Date 
               0             03/01/2002 
               1             03/08/2002 
               2             03/22/2002 
               3             03/29/2002 
               4             04/05/2002 
               5             04/12/2002 
               6             05/03/2002 
               7             05/10/2002 
               8             05/17/2002 
               9             06/07/2002 
              10             06/21/2002 
              11             07/05/2002 
              12             07/12/2002 
              13             07/19/2002 
              14             08/09/2002 
              15             08/30/2002 
              16             09/06/2002 
              17             09/13/2002 
              18             12/20/2002 
              19             01/03/2003 
              20             01/17/2003 
  COUNTY(ies): 
  STATEWIDE 
   ASBE0097A  04/01/2002 
                                       Rates           Fringes 
  ASBESTOS WORKERS/INSULATORS (includes 
   application of all insulating materials 
   protective coverings, coatings and 
   finishings to all types of mechanical 
   systems)                              28.31          6.24 
  ---------------------------------------------------------------- 
   ASBE0097B  04/01/2002 
                                       Rates           Fringes 
  HAZARDOUS MATERIAL HANDLER (includes 
   preparation, wetting, stripping, removal 
   scrapping, vacuming, bagging, and disposing 
   of all insulation materials, whether they 
   contain asbestos or not, from mechanical 
   systems)                              24.30           8.11 
  ---------------------------------------------------------------- 
   BOIL0502A  10/01/2002 



                                       Rates           Fringes 
  BOILERMAKERS                          34.35          13.55 
  ---------------------------------------------------------------- 
   BRAK0001A  07/01/2002 
                                       Rates           Fringes 
  BRICKLAYERS, BLOCKLAYERS, 
   STONEMASON, MARBLE MASON, 
   TILE SETTER & TERRAZZO WORKER        28.91          11.80 
  TILE & TERRAZZO FINISHERS             23.48          11.80 
  ---------------------------------------------------------------- 
   CARP1243A  07/01/2002 
                                       Rates           Fringes 
  NORTH OF THE 63RD PARALLEL 
  CARPENTERS/LATHER/DRYWALL 
   APPLICATOR                           30.80          11.60 
  DEWALT OR SIMILAR TYPE SAW 
   OPERATORS; SAW FILERS; NAIL- 
   ING MACHINE OPERATORS; POWER- 
   ACTUATED TOOL OPERATOR; MAR- 
   LITE AND ACOUSTICAL APPLICATOR 
   FLOOR WORKERS; FIRE OR FLOOD 
   REPAIR WORK                          31.37          11.60 
  MILLWRIGHTS                           31.75          11.60 
  ---------------------------------------------------------------- 
   CARP1281A  07/01/2002 
                                       Rates           Fringes 
  SOUTH OF 63RD PARALLEL 
  CARPENTERS & DRYWALLERS               28.10          12.20 
  ACOUSTICAL APPLICATOR AND 
  LATHERS                            28.10          12.20 
  MILLWRIGHTS                           28.80          12.20 
  ---------------------------------------------------------------- 
   CARP2520A  08/01/2002 
                                       Rates           Fringes 
  DIVERS: 
   WORKING                              61.94          12.20 
   STAND-BY                             30.97          12.20 
   TENDER                               29.97          12.20 
  PILEDRIVERS: 
   WELDER                               28.40          12.20 
   CARPENTER                            27.80          12.20 
   SHEET PILE STABBER                   27.64          12.20 
   PILEDRIVER; SKIFF OPERATOR 
    AND RIGGER                          26.64          12.20 
  ---------------------------------------------------------------- 
   ELEC1547A  11/04/2002 
                                       Rates           Fringes 
  ELECTRICIANS; TECHNICIANS             31.42          3%+11.35 
  CABLE SPLICERS                        33.17          3%+11.35 
  ---------------------------------------------------------------- 
   ELEC1547B  01/01/2003 
                                       Rates           Fringes 
  LINEMEN; EQUIPMENT OPERATORS; 
   TECHNICIAN                           34.10           3%+14.05 
  CABLE SPLICER                         32.10           3%+14.05 
  POWDERMAN                             35.85           3%+14.05 
  TREE TRIMMER                          22.90           3%+14.05 



  ---------------------------------------------------------------- 
   ELEV0019A  04/10/2002 
                                       Rates           Fringes 
  ELEVATOR MECHANICS                    34.925         7.455+a 
  FOOTNOTE: a.  Employer contributes 8% of the basic hourly rate 
      for over 5 year's service and 6% of the basic 
      hourly rate for 6 months to 5 years' of service 
      as vacation paid credit.  Seven paid holidays: 
      New Year's Day; Memorial Day; Independence Day; 
      Labor Day, Thanksgiving Day; Friday after 
      Thanksgiving and Christmas Day 
  ---------------------------------------------------------------- 
   ENGI0302L  07/01/2002 
                                       Rates           Fringes 
  POWER EQUIPMENT OPERATORS: 
   GROUP 1                              31.71          10.01 
   GROUP 1A                             33.25          10.01 
   GROUP 2                              31.04          10.01 
   GROUP 3                              30.41          10.01 
   GROUP 4                              24.99          10.01 
   POWER EQUIPMENT OPERATOR CLASSIFICATIONS 
   GROUP 1:  Asphalt Roller; Back Filler; Barrier Machine (Zipper); 
  Batch Plant Operator: Batch and Mixer over 200 yds.; Beltcrete 
  with power pack and similar conveyors; Bending Machine; Boat 
  Coxwains; Bulldozers; Cableways, Highlines and Cablecars; 
  Cleaning Machine; Coating Machine; Concrete Hydro Blaster; 
  Cranes-45 tons and under or 150 foot boom and under (including 
  jib and attachments): (a) Shovels, Backhoes, Draglines, 
  Clamshells; Gradalls-3 yards and under; (b) Hydralifts or 
  Transporters, all track or truck type,(c) Derricks; Crushers; 
  Deck Winches-Double Drum; Ditching or Trenching Machine (16 inch 
  or over); Drilling Machines, core, cable, rotary and exploration; 
  Finishing Machine Operator, concrete paving, Laser Screed, 
  sidewalk, curb and gutter machine; Helicopters; Hover Craft, Flex 
  Craft, Loadmaster, Air Cushion, All Terrain Vehicle, Rollagon, 
  Bargecable, Nodwell Sno Cat; Hydro Ax: Feller Buncher and 
  similar; Loaders: Forklifts with power boom and swing attachment, 
  Overhead and front end, 2 1/2 yards through 5 yards, Loaders with 
  forks or pipe clamps, Loaders, elevating belt type, Euclid and 
  similar types; Mechanics, Bodyman; Micro Tunneling Machine; 
  Mixers: Mobile type w/hoist combination; Motor Patrol Grader; 
  Mucking Machines: Mole, Tunnel Drill, Horizontal/Directional 
  Drill Operator, and/or Shield; Operator on Dredges; Piledriver 
  Engineers, L. B. Foster, Puller or similar Paving Breaker; Power 
  Plant, Turbine Operator, 200 k.w. and over (power plants or 
  combination of power units over 300 k.w.); Sauerman-Bagley; 
  Scrapers-through 40 yards; Service Oiler/Service Engineer; 
  Sidebooms-under 45 tons; Shot Blast Machine; Spreaders, Blaw 
  Knox, Cedarapids, Barber Greene, Slurry Machine; Sub-grader 
  (Gurries, C.M.I. and C.M.I. Roto Mills and similar types); Tack 
  tractor; Truck mounted Concrete Pumps, Conveyor, Creter; Water 
  Kote Machine; Unlicensed off road hauler 
   GROUP 1A:  Cranes-over 45 tons or 150 foot (including jib and 
  attachments): (a) Shovels, backhoes, draglines, clamshells-over 3 
  yards, (b) Tower cranes; Loaders over 5 yds.; Motor Patrol Grader 
  (finish: when finishing to final graders and/or to hubs, or for 
  asphalt); Power Plants: 1000 k.w. and over; Quad; Screed; 



  Sidebooms over 45 tons; Slip Form Paver C.M.I. and similar types; 
  Scrapers over 40 yards 
   GROUP 2: Batch Plant Operators: Batch and Mixer 200 yds. 
  per hour and under; Boiler-fireman; Cement Hog and Concrete 
  Pump Operator; Conveyors (except as listed in group 1); Hoist on 
  steel erection; Towermobiles and Air Tuggers; 
  Horizontal/Directional Drill Locator; Loaders, Elevating 
  Grader, Dumor and similar; Locomotives: rod and geared engines; 
  Mixers; Screening, Washing Plant; Sideboom (cradling rock drill 
  regardless of size); Skidder; Trencing Machine under 16 inches. 
   GROUP 3: "A" Frame Trucks, Deck Winches: single power 
  drum; Bombardier (tack or tow rig); Boring Machine; Brooms-power; 
  Bump Cutter; Compressor; Farm tractor; Forklift, industrial type; 
  Gin Truck or Winch Truck with poles when used for hoisting; Grade 
  Checker and Stake Hopper; Hoist, Air Tuggers, Elevators; 
  Loaders: (a) Elevating-Athey, Barber Green and similar types 
   (b) Forklifts or Lumber Carrier (on construction job site) 
   (c) Forklifts with Tower 
   (d) Overhead and Front-end, under 2 1/2 yds. 
  Locomotives:Dinkey (air, steam, gas and electric) Speeders; 
  Mechanics (light duty); Mixers: Concrete Mixers and Batch 200 
  yds. per hour and under; Oil, Blower Distribution; Post Hole 
  Diggers, mechanical; Pot Fireman (power agitated); Power Plant, 
  Turbine Operator, under 300 k.w.; Pumps-water; Rig 
  oiler/assistant engineer, over 45 ton, over 3 yards or over 150 
  foot boom; Roller-other than Plantmix; Saws, concrete; 
  Straightening Machine; Tow Tractor 
   GROUP 4:  Rig Oiler/Assistant Engineer (Advances to Group III if 
  over 45 tons or 3 yards or 150 ft. boom); Swamper (on trenching 
  machines or shovel type equipment); Spotter; Steam Cleaner 
  FOOTNOTE:  Groups 1-4 receive 10% premium while performing tunnel 
  or underground work. 
  ---------------------------------------------------------------- 
   IRON0751A  08/01/2002 
                                       Rates           Fringes 
  IRONWORKERS: 
   BRIDGE, STRUCTURAL, 
    ORNAMENTAL, REINFORCING 
    MACHINERY MOVER, RIGGER, 
    SHEETER, STAGE RIGGER, 
    BENDER OPERATOR                     27.50          13.60 
   GUARDRAIL LAYOUT MAN                 24.74          13.35 
   FENCE, BARRIER AND 
    GUARDRAIL INSTALLERS                24.00          13.35 
   HELICOPTER, TOWER                    28.50          13.60 
  ---------------------------------------------------------------- 
   LABO0341A  09/01/2002 
                                       Rates           Fringes 
  LABORERS: 
  GROUP 1                               24.49          11.50 
  GROUP 2                               25.24          11.50 
  GROUP 3                               25.89          11.50 
  GROUP 3A                              27.49          11.50 
  GROUP 4                               16.84          11.50 
            LABORERS CLASSIFICATIONS 
   GROUP 1:  Asphalt Workers (shovelman, plant crew); Brush 
  Cutters; Camp Maintenance Laborer; Carpenter Tenders; Choke 



  Setters, Hook Tender, Rigger, Signalman; Concrete Laborer(curb 
  and gutter, chute handler, grouting, curing, screeding); Crusher 
  Plant Laborer; Demolition Laborer; Ditch Diggers; Dump Man; 
  Environmental Laborer (asbestos (limited to nonmechanical 
  systems), hazardous and toxic waste, oil spill); Fence Installer; 
  Fire Watch Laborer; Flagman; Form Strippers; General Laborer; 
  Guardrail Laborer, Bridge Rail Installers; Hydro-Seeder 
  Nozzleman; Laborers (building); Landscape or Planter; Material 
  Handlers; Pneumatic or Power Tools; Portable or Chemical Toilet 
  Serviceman; Pump Man or Mixer Man; Railroad Track Laborer; 
  Sandblast, Pot Tender; Saw Tenders; Scaffold Building and 
  Erecting; Slurry Work; Stake Hopper; Steam Point or Water Jet 
  Operator; Steam Cleaner Operator; Tank Cleaning; Utiliwalk and 
  Utilidor Laborer; Watchman (construction projects); Window 
  Cleaner 
   GROUP 2: Burning and Cutting Torch; Cement or Lime Dumper or 
  Handler (sack or bulk); Choker Splicer; Chucktender (wagon, 
  airtrack and hydraulic drills); Concrete Laborers (power buggy, 
  concrete saws, pumpcrete nozzleman, vibratorman); Environmental 
  Laborer (marine work); Foam Gun or Foam Machine Operator; Green 
  Cutter (dam work); Guardrail Machine Operator; Gunnite Operator; 
  Hod Carriers; Jackhammer or Pavement Breakers (more than 45 
  pounds); Mason Tender and Mud Mixer (sewer work); Plasterer, 
  Bricklayer and Cement Finisher Tenders; Power Saw Operator; 
  Railroad Switch Layout Laborer; Sandblaster; Sewer Caulkers; 
  Sewer Plant Maintenance Man; Thermal Plastic Applicator; Timber 
  Faller, chain saw operator, filer; Timberman 
   GROUP 3: Bit Grinder; Drill Doctor (in the field); Drillers 
  (including, but not limited to, wagon drills, air track drills; 
  hydraulic drills); High Rigger and tree topper; Higher Scaler; 
  Pioneer Drilling and Drilling Off Tugger (all type drills); 
  Powderman; Slurry Seal Squeegee Man 
   GROUP 3A: Asphalt Raker, Asphalt Belly dump lay down; Grade 
  checker (setting or transfering of grade marks, line and grade); 
  Pipelayers 
  GROUP 4:  Final Building Cleanup 
  TUNNELS, SHAFTS, AND RAISES 
  GROUP 1                               26.94          11.50 
  GROUP 2                               27.76          11.50 
  GROUP 3                               28.48          11.50 
  GROUP 3A                              30.24          11.50 
        TUNNELS, SHAFTS, AND RAISES CLASSIFICATIONS 
   GROUP 1:  Brakeman; Muckers; Nippers; Topman and Bull Gang; 
  Tunnel Track Laborer 
   GROUP 2:  Burning and Cutting Torch; Concrete Laborers; 
  Jackhammers; Laser Instrument Operators; Nozzleman, Pumpcrete or 
  Shotcrete; Pipelayers. 
   GROUP 3:  Miner; Miner; Retimberman 
   GROUP 3A: Powderman 
  Tunnel shaft and raise rates only apply to workers regularly 
  employed inside a tunnel portal or shaft collar. 
  ---------------------------------------------------------------- 
   PAIN1140C  09/01/2002 
                                       Rates           Fringes 
  SOUTH OF THE 63RD PARALLEL 
  PAINTERS 
   Brush, Roller, Sign                  22.61          10.37 



   Paper and Vinyl, Swing 
    Stage, Taper/Drywall, 
    Structural Steel                    23.01          10.37 
   Spray-Sand/Blast, Epoxy 
    and Tar Applicator                  23.61          10.37 
   Steeple Jack & Tower                 24.61          10.37 
  ---------------------------------------------------------------- 
   PAIN1140E  09/01/2002 
                                       Rates           Fringes 
  SOFT FLOOR LAYERS                     24.80           7.85 
  ---------------------------------------------------------------- 
   * PAIN1140F  01/01/2003 
                                       Rates           Fringes 
  SOUTH OF THE 63RD PARALLEL 
  GLAZIERS                              26.60          10.00 
  ---------------------------------------------------------------- 
   PAIN1555C  09/01/2002 
                                       Rates           Fringes 
  NORTH OF THE 63RD PARALLEL 
  PAINTERS: 
   BRUSH, BUFFER OPERATOR, FLOOR- 
    COVERER, POT TENDER, ROLL 
    SPRAY, WALLCOVERER                  26.50          10.97 
   HAZARDOUS MATERIAL APPLICATOR, 
    LEAD BASED PAINT ABATEMENT, 
    RADON MITIGATION, SANDBLAST, 
    STRUCTURAL STEEL, TAPING, 
    TEXTURING                           27.00          10.97 
  ---------------------------------------------------------------- 
   PAIN1555E  01/01/2003 
                                       Rates           Fringes 
  NORTH OF THE 63RD PARALLEL 
  GLAZIERS                              26.62          10.02 
  ---------------------------------------------------------------- 
   PLAS0867A  09/01/2002 
                                       Rates           Fringes 
  NORTH OF THE 63RD PARALLEL: 
   CEMENT MASONS                        28.51          10.70 
   PLASTERERS                           29.99          10.70 
  SOUTH OF THE 63RD PARALLEL 
   CEMENT MASONS                        28.26          10.70 
   PLASTERERS                           29.74          10.70 
  ---------------------------------------------------------------- 
   * PLUM0262C  01/01/2003 
                                       Rates           Fringes 
  East of the 141st Meridian 
  PLUMBERS; STEAMFITTERS                28.59          10.55 
  ---------------------------------------------------------------- 
   PLUM0367B  07/01/2002 
                                       Rates           Fringes 
  South of the 63rd Parallel 
  PLUMBERS; STEAMFITTERS                30.30          11.15 
  ---------------------------------------------------------------- 
   PLUM0375A  07/01/2002 
                                       Rates           Fringes 
  North of the 63rd Parallel 
  PLUMBERS; STEAMFITTERS                33.51          11.15 



  ---------------------------------------------------------------- 
   PLUM0669A  01/01/2003 
                                       Rates           Fringes 
   SPRINKLER FITTER                      35.30           8.60 
  ---------------------------------------------------------------- 
   ROOF0190A  09/27/2002 
                                       Rates           Fringes 
  NORTH OF THE 63RD PARALLEL: 
    ROOFERS                             29.43          10.92 
  SOUTH OF THE 63RD PARALLEL 
    ROOFERS                             27.43          10.92 
  ---------------------------------------------------------------- 
   SHEE0023A  07/01/2002 
                                       Rates           Fringes 
  South of the 63rd Parallel: 
   SHEET METAL WORKERS                  31.21          10.58 
  ---------------------------------------------------------------- 
   SHEE0023B  09/01/2002 
                                       Rates           Fringes 
  North of the 63rd Parallel: 
   SHEET METAL WORKERS                  33.05           11.48 
  ---------------------------------------------------------------- 
   TEAM0959A  09/01/2002 
                                       Rates           Fringes 
  TRUCK DRIVERS: 
   GROUP 1                               31.40           9.57 
   GROUP 1A                              32.45           9.57 
   GROUP 2                               30.35           9.57 
   GROUP 3                               29.67           9.57 
   GROUP 4                               29.20           9.57 
   GROUP 5                               28.56           9.57 
   GROUP 1:  Semi with Double Box Mixer; Dump Trucks (including 
  rockbuggy and trucks with pups) over 40 yards up to and including 
  60 yards; Deltas, Commanders, Rollogans and similar equipment 
  when pulling sleds, trailers or similar equipment; Boat Coxswain; 
  Lowboys including attached trailers and jeeps, up to and 
  including 12 axles; Ready-mix over 12 yards up to and including 
  15 yards) 
   GROUP 1A:  Dump Trucks (including Rockbuggy and Trucks with 
  pups) over 60 yards up to and including 100 yards 
   GROUP 2: Turn-O-Wagon or DW-10 not self-loading; All Deltas, 
  Commanders, Rollogans, and similar equipment; Mechanics; Tireman, 
  heavy duty; Dump Trucks (including Rockbuggy and Trucks with 
  pups) over 20 yards up to and including 40 yards; Lowboys 
  including attached trailers and jeeps up to and including 8 
  axles; Super vac truck/cacasco truck/heat stress truck; Ready-mix 
  over 7 yards up to and including 12 yards 
   GROUP 3: Dump Trucks (including Rockbuggy and Trucks with pups) 
  over 10 yards up to and including 20 yards; batch trucks 8 yards 
  and up; Oil distributor drivers; Greaser;Water Wagon (when pulled 
  by Euclid or similar type equipment);Partsman 
   GROUP 4: Buggymobile; Semi or Truck and trailer; Dumpster; 
  Tireman (light duty); Dump Trucks (including Rockbuggy and Truck 
  with pups) up to and including 10 yards; Track Truck Equipment; 
  Stringing Truck; Fuel Truck; Fuel Handler with truck; Grease 
  Truck; Flat Beds, dual rear axle; Hyster Operators (handling bulk 
  aggregate); Lumber Carrier; Water Wagon, semi; Water Wagon, dual 



  axle; Gin Pole Truck, Winch Truck, Wrecker, Truck Mounted "A" 
  Frame manufactured rating over 5 tons; Bull Lifts and Fork Lifts 
  with Power Boom and Swing attachments, over 5 tons; Front End 
  Loader with Forks; Bus Operator over 30 passengers; All Terrain 
  Vehicles; Boom Truck/Knuckle Truck over 5 tons; Foam Distributor 
  Truck/dual axle; Hydro-seeders, dual axle; Vacuum Trucks, Truck 
  Vacuum Sweepers; Vacuum Trucks, Truck Vacuum Sweepers; Loadmaster 
  (air and water); Air Cushion or similar type vehicle; Fire Truck; 
  Combination Truck-fuel and grease; Compactor (when pulled by 
  rubber tired equipment); Rigger (air/water/oilfield); Ready Mix, 
  up to and including 7 yards 
   GROUP 5: Gravel Spreader Box Operator on Truck; Flat Beds, 
  single rear axle; Boom Truck/Knuckle Truck up to and including 5 
  tons; Pickups (Pilot Cars and all light duty vehicles); Water 
  Wagon, single axle; Gin Pole Truck, Winch Truck, Wrecker, 
  Truck Mounted "A" Frame, manufactured rating 5 tons and under; 
  Bull Lifts and Fork Lifts (fork lifts with power broom and swing 
  attachments up to and including 5 tons); Buffer Truck; Tack 
  Truck; Bus Operators (up to 30 passengers); Farm type Rubber 
  Tired Tractor (when material handling or pulling wagons on a 
  construction project); Foam Distributor, single axle; Hydro- 
  Seeders, single axle; Team Drivers (horses, mules and similar 
  equipment); Rigger (warehouse operation); Fuel Handler 
  (station/bulk attendant); Batch Truck, up to and including 7 
  yards 
  ---------------------------------------------------------------- 
  WELDERS - Receive rate prescribed for craft performing operation 
  to which welding is incidental. 
  ================================================================ 
  Unlisted classifications needed for work not included within 
  the scope of the classifications listed may be added after 
  award only as provided in the labor standards contract clauses 
  (29 CFR 5.5(a)(1)(ii)). 
  ---------------------------------------------------------------- 
  In the listing above, the "SU" designation means that rates 
  listed under that identifier do not reflect collectively 
  bargained wage and fringe benefit rates.  Other designations 
  indicate unions whose rates have been determined to be 
  prevailing. 
        WAGE DETERMINATION APPEALS PROCESS 
  1.) Has there been an initial decision in the matter?  This can 
   be: 
  * an existing published wage determination 
  * a survey underlying a wage determination 
  * a Wage and Hour Division letter setting forth a 
    position on a wage determination matter 
  * a conformance (additional classification and rate) 
    ruling 
  On survey related matters, initial contact, including requests 
  for summaries of surveys, should be with the Wage and Hour 
  Regional Office for the area in which the survey was conducted 
  because those Regional Offices have responsibility for the 
  Davis-Bacon survey program.  If the response from this initial 
  contact is not satisfactory, then the process described in 2.) 
  and 3.) should be followed. 
  With regard to any other matter not yet ripe for the formal 
  process described here, initial contact should be with the Branch 



  of Construction Wage Determinations.  Write to: 
       Branch of Construction Wage Determinations 
       Wage and Hour Division 
       U. S. Department of Labor 
       200 Constitution Avenue, N. W. 
       Washington, D. C.  20210 
  2.) If the answer to the question in 1.) is yes, then an 
  interested party (those affected by the action) can request 
  review and reconsideration from the Wage and Hour Administrator 
  (See 29 CFR Part 1.8 and 29 CFR Part 7). Write to: 
            Wage and Hour Administrator 
            U.S. Department of Labor 
            200 Constitution Avenue, N. W. 
            Washington, D. C.  20210 
  The request should be accompanied by a full statement of the 
  interested party's position and by any information (wage payment 
  data, project description, area practice material, etc.) that the 
  requestor considers relevant to the issue. 
  3.) If the decision of the Administrator is not favorable, an 
  interested party may appeal directly to the Administrative Review 
  Board (formerly the Wage Appeals Board). Write to: 
            Administrative Review Board 
            U. S. Department of Labor 
            200 Constitution Avenue, N. W. 
            Washington, D. C.  20210 
  4.) All decisions by the Administrative Review Board are final. 
              END OF GENERAL DECISION 
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PART 1 SCOPE SUMMARY 

1.1 PROJECT LOCATION 

1.1.1 Project Location – Elmendorf Air Force Base is located on the northern edge of Anchorage 
Alaska and is accessible from the Glenn Highway at Boniface Parkway.  Anchorage, Alaska is 
located at 61 degrees north latitude. 

A. Arctic conditions exist at the project site; however, permafrost is unlikely to be encountered.  
Winter temperatures in the range of -10 degrees C to -20 degrees C are common for extended 
periods; -30 degrees C temperatures can last for several days in a row.  Snow begins 
accumulating in early October and does not begin to melt until April; .5 meters (18”) snow cover 
is common through mid-May. 
1. Climate – see SECTION 00800 page 20 for Climatological Summary for Elmendorf AFB. 

B. Proposed Site –The new construction site is located north of Arctic Warrior Drive, west of 
Vandenburg Road, and east of Talley Avenue and Alaska Railroad tracks, both of which have 
been closed.  A new modified tow-way will extend east from the north/south runway to the new 
facility. 
1. Option 5 - Demolition of the Horse Stable Complex will occur at this site. 
2. Under separate contract for 2003, new security fencing will be erected on Arctic Warrior 

Drive cutting across Talley Road; a 30’ swing gate will be installed by the Government on 
Truemper Loop. 

1.2 STATEMENT OF WORK SUMMARY 

1.2.1 Project Schedule 

A. The following dates are approximate project milestones; actual dates for 65%, 95%, and 100% 
Design Submittals and review conferences shall be proposed by the D/B Contractor and must 
be confirmed with the Government. 
1. Design/Build Notice to Proceed AM#16… 3/15/03  …AM#16 
2. Final Contract Documents 7/28/03 
3. Beneficial Occupancy of New Hangar 11/4/04 

1.2.2 Technical Requirements - refer to SECTION 01010, Part 2 – Minimum Design Criteria for 
Demolition, Hazards Abatement, Civil, Architectural, Structural, Mechanical, Electrical, and Fire 
Protection for detailed technical requirements. 

1.2.3 GENERAL - New Fuel Systems Maintenance Hangar with associated site improvements will 
serve the 3rd CRS – Component Repair Squadron - of the 3rd Wing Command at Elmendorf 
AFB, Alaska. The new facility will replace the Fuel Systems Maintenance functions of existing 
Hangar 10 and will accommodate (3) F-15 or F-22 aircraft simultaneously for the purpose of in-
tank fuel maintenance operations. 

A. Contractor shall ensure no permanent obstructions encroach within the Runway Lateral Clear 
Zone Width of 305 meters (1000 feet) from the runway centerline.  Air space restrictions 
prohibit obstructions within a 1V:7H Transition Surface beyond the 305-m the Runway Lateral 
Clear Zone.  These and all site constraints are defined or enforced by the flightline command. 

B. This facility is the first building and southernmost structure of the east-side masterplan 
development.  Building limits are driven by future work to the north. See C-1 Site Survey 
(Appendix 1) for northwest building coordinate limits.  The coordinate shown shall apply to the 
future 4th Bay expansion (Option 1) if expansion is planned for the west side of the new facility. 
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C. Both F-15 and F-22 aircraft will be serviced at this facility.  Where criteria differ for the two 
aircraft types, the more stringent shall apply so that both aircraft are accommodated. 

1.2.4 SITE DEVELOPMENT – Aircraft maneuvering and parking, utilities connections and 
extensions, storm drainage, fire hydrants and fire pump, GOV service vehicle access and 
unpaved POV parking, paving, landscaping, site lighting and other amenities are outlined in 
Part 2 of this Section. 

A. Paved fire lane access – 6.1 meters (20’-0”) wide, minimum per UFC and MIL HDBK 1008C, 
will be provided on all sides of the building. 

B. Concrete apron – 3.05 meters (10 feet) wide extending the full width of Maintenance Bay doors.  
See structural technical requirements in SECTION 01010 part 2.5.4.G. 

C. New “Modified Tow-way” - shall align with the southernmost aircraft crossover of the north-
south runway and is approximately 457 meters (1500 feet) long, 22.9 meters (75 feet) wide 
overall.  The new asphaltic concrete taxiway extends from the runway to the new Hangar's 
northwest corner, then transitions to a concrete apron in front of the Maintenance Bay doors.  
See civil technical requirements for “Modified Tow-way” paving criteria, SECTION 01010 part 
2.3.14.A.2(a). 
1. Centerline and edge markings per ETL 97-18, ETL 94-01, and AFI-32-1076 are required 

by Elmendorf AFB flightline command. 

D. POV parking – gravel pad surface for 25 vehicles inside the fence gate access at Truemper 
Loop and Arctic Warrior Drive.  Parking area shall be located southeast of the new facility at a 
25-m anti-terrorism standoff distance. 

1.2.5 NEW FUEL SYSTEMS MAINTENANCE HANGAR – constructed as a complete and stand 
alone structure with its own mechanical, electrical, and fire suppression systems for the building 
functions and 3 baseline, (4th bay future expansion per Option 1) aircraft bays for fuel cell 
maintenance operations. 

A. The structural design of the building may place columns within the maintenance bays provided 
aircraft access and maneuvering is not impacted.  Columns may not encroach on aircraft 
clearances within the Bays or at the walls. 

B. The design shall show and accommodate a fourth Maintenance Bay future expansion.  All 
building systems (structural, mechanical, electrical, fire suppression, etc.) shall be sized for the 
fourth bay expansion. 
1. The fourth Maintenance Bay shall be designed to allow re-fueling within the building, 

requiring a 1-hour fire rated blast proof separation to the adjacent Maintenance Bay(s).  
The concrete masonry unit wall must extend to the underside of the roof structure. 

2. Seismic bracing between the future expansion Maintenance Bay and adjacent 
Maintenance Bay shall allow future access consisting of (2) openings each 1830 mm (6’) 
wide x 2135 mm (7’) high. 

3. The design shall allow visual supervision to all bays either at the main level or mezzanine 
level. 

1.2.6 DEMOLITION - Building 8675 located in the project site area shall include removal of 
foundations, supply wells, septic tanks, utility connections, fencing, etc.  Building 8661 located 
adjacent to the project area shall be relocated by the government under separate contract, the 
foundation, supply well, septic tank, and utility connections shall be removed by the contractor. 

1.2.7 PROJECT OPTIONS 
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A. Project Options are additions to the Baseline scope of work that shall be priced separately by 
the D/B Contractor per SECTION 00100 and evaluated by the Government per SECTION 
00120. 
1. OPTION 1 – Fourth Maintenance Bay:  shown in the Baseline design as future 

expansion, completed within the project schedule. 
2. OPTION 2 – Aircraft Concrete Hardstand: each 19.8m wide x 25.3m long (65 feet x 83 

feet), located on the north side of the Modified Tow-way in front of the Maintenance Bay 
doors.  Include grounding points on 3 meter grid and aircraft tie-downs.  See appendix 8 
and 9 for aircraft tie-down diagrams.: 
a) OPTION 2A – Concrete Hardstand for 1 aircraft 
b) OPTION 2B – Concrete Hardstand for 2 aircraft 

3. OPTION 3 – Paved POV Parking:  paved surface for the 25-vehicle lot described in 
paragraph 1.2.3.D. 

4. OPTION 4 – Relocate Building 8661 to Hillberg Area:  includes relocating the 
superstructure onto suitable new foundation, utility hook-ups, and utility disconnects at 
the demolition site; see Appendix 16 for local map. 

5. OPTION 5 – Demolition of Horse Stable Complex:  includes buildings 8659, 8663, 8657, 
8661 (foundation only), 8665 (3 buildings under one number), foundations, supply wells, 
septic tanks, utility connections, fencing, etc. 

1.2.8 GOVERNMENT BETTERMENTS 

A. Betterments are listed in order of priority as determined by the Government, and are more fully 
defined in the respective discipline minimum design requirements in Part II of this Section.  
Proposals shall include as many or all of the following Betterments as the overall budget and 
gross building area allow.   
1. GOVERNMENT BETTERMENT 1 - Paint All Exposed Structural Steel in the 

Maintenance Bays and Tank Area. 
2. GOVERNMENT BETTERMENT 2 - Acoustical Roof Deck in Maintenance Bays and Tank 

Area. 
3. GOVERNMENT BETTERMENT 3 - Epoxy Floor Paint at Maintenance Bays and Tank 

Area. 

1.2.9 CONTRACTOR-PROPOSED BETTERMENTS 

A. Contractor-Proposed Betterments shall meet and/or exceed minimum requirements within 
allowable funds. 

B. The design criteria stated in this RFP are the minimum quality acceptable.  Innovation and 
creativity are encouraged in deliver the optimum facility serving the 3rd CRS and the 3rd Wing 
Command and the best value to the Government within allowable funds. 
1. Civil, mechanical, electrical, and fire protection minimum design requirements described 

in Section 2.3, 2.5, 2.6, and 2.7 are prescriptive where indicated. 

C. Refer to SECTION 00100 for Proposal submission requirements and SECTION 00120 for 
Proposal Evaluation Factors. 
1. With the exception of Prohibited Items, all Contractor-proposed Betterments that benefit 

the facility will be considered, and will be evaluated based on durability, function, 
conformance to Base standards, maintenance, and aesthetics. 

1.2.10 PROHIBITED ITEMS 

A. Proposals shall not present a design inclusive of any prohibited item described by each 
discipline in Section II Minimum Design Criteria narratives. 
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1.3 STATEMENT OF WORK - GENERAL PROJECT REQUIREMENTS 

1.3.1 Hazardous Materials 

A. Extent of soil or ground water contamination within the project boundaries is reflected in 
Appendix 18 - ST534 Removal Action Report (removal of the UST by the Scouts Building).  
Refer to SECTION 01010 2.3 civil technical requirements for contaminated soils removal, 
hauling, and stockpiling. 

B. Preliminary indication of asbestos and other hazardous materials related to BSA building and 
horse stable facilities is provided in Appendix 19 - Hazardous Materials Survey, Boy Scouts of 
America and Horse Stable Facilities Demolition, Elmendorf AFB, AK, August 2002. 

1.3.2 Q/D (Quantity Distance) Arc and Anti-Terrorism Standoff Distances 

A. Q/D Arc at Hardstands – 45.72 meters (150 feet) to any permanent structure. 

B. Q/D Arc from Future Development to the North – 410 meters (1,250 feet) for aircraft carrying 
explosive munitions:  window glazing on the north elevation of the new Hangar shall be kept to 
the minimum required for building functionality. 
1. Any glazing facing north shall comply with AFMAN 91-201 paragraphs 4.17.8 and 4.31. 

C. Anti-Terrorism - the project facility is categorized as a “Controlled Area Inside a Restricted 
Area”; the threat level at project location is “Low” per Department of Defense standard #2016.  
Security measures include shatter protective window lamination at interior glazed panes. 
1. No exterior perimeter lighting criteria apply for anti-terrorism purposes. 
2. POV parking and Dumpsters require 24.4 meters (80 feet) minimum standoff distance 

from the new facility.   
3. Referenc e Appendix 15, “Unified Facilities Criteria (UFC) 4-010-01” dated July 31, 2002. 

1.3.3 Americans With Disabilities Act (ADA) 

A. Accessibility standards for this facility shall apply to staffed office areas on the lower level, 
Training/Conference Room, handicap accessible toilet room, building entrance and circulation 
to the staff areas.  It is presumed that the aircraft maintenance crew working in this specialized 
military facility is able-bodied; therefore the second floor office spaces (if applicable), 
maintenance bays, and toilet/shower areas are not required to be handicap accessible. 

1.3.4 Intent 

A. The Government seeks a complete and usable Fuel Systems Maintenance Hangar, free of 
defects and compatible with the surrounding built and natural environment.   

B. This Project shall be designed and constructed with quality materials and workmanship 
throughout and in accordance with all applicable codes and standards and the requirements of 
this RFP. It is the intent of this RFP to establish minimum design and construction requirements 
for the proposed buildings that meet or exceed the standards referenced in this Section.  
Choice of materials and methods of construction shall not compromise the safety of building 
occupants and shall optimize quality, function, aesthetics, economy, maintainability, and life 
cycle cost. 

1.3.5 Site Diagram / Building Layout 
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A. No suggested site layout or building space plan is included in this RFP; the D/B contractor is 
given information on site constraints and spatial relationships needed to develop the most 
effective Project design the budget allows.  See appendix 1 for site information. 

1.3.6 Metric Design Requirement 

A. This project shall be designed, drawn, and constructed with materials of SI Units (metric) as 
outlined in Appendix 21 and SECTION 01451.  Drawings shall be set up and dimensioned in 
hard metric (100mm module) SI units only.  English (IP inch/pound) shall not be used. 

1.3.7 Designer of Record 

A. Final design submittals and each drawing included therein shall be signed by and affixed with 
the seal of an architect or professional engineer registered in the State of Alaska who shall be 
termed the “Designer of Record” for the respective disciplines. 
1. See SECTION 01010 part 2.8 for differing qualifications for Fire Protection engineering. 

B. Where construction and testing standards and criteria are contained within SECTION 01010, 
the Designer of Record shall place them in the construction documents and require them of the 
Contractor during construction. 

1.4 REFERENCES 

1.4.1 Appendices 

A. The drawings and documents listed below delineate project-specific design criteria in support of 
the codes and references. 
1. G-01 Location/Vicinity Map; 
 C-1 Site Survey with Building Limits, Required Clearances, Utilities; 
 Hillberg Area Map for Relocation of Building 8661 (see OPTION 4) 
 G-Tabs – Revised March 31, 2000; Water, Sewer, Storm Drain, Natural Gas, Liquid Fuel, 

Central Heating & Cooling, Communication, Electrical, Street Lighting 
2. Unified Facilities Criteria (UFC) 1-200-01; Design:  General Building Requirements, dated 

July 31, 2002. 
3. Elmendorf AFB Architectural Compatibility Study, dated November 4-9, 2001. 
4. Geotechnical Findings Report, dated October 2002. 
5. Site Photographs 
6. Manual 113, Section III – Aircraft Fuel Systems Maintenance Facilities and Areas 
7. AFH 32-1084 (includes Table 7.2 – Aircraft Separation Dimensions Inside Hangars) 

 7a AFH 32-1084 Chapter 2, Section D – Hardstand Criteria 
8. F-22 Raptor and F-15E aircraft dimension diagram; 
 F-15 hold-down diagram 
9. F-22 Facilities Requirements Plan (FRP), Revision N, dated 11/10/2000 (excerpted) 
10.  Air Force Environmental Requirements – Pollution Prevention Measure of Merit 
11.  Engineering Technical Letter (ETL) 1110-3-491 – Sustainable Design for Military 

Facilities 
12.  Engineering Technical Letter (ETL) 01-2 – Fire Protection Engineering Criteria for New 

Aircraft Facilities 
13.  Chemical Data Report – Soils at New Hangar Construction Site, dated 08-2002. 
14.  Elmendorf AFB SOP - Standard Operating Procedure for Utilities Outages and Electrical 

Service Hook-up 
15.  Unified Facilities Criteria (UFC) 4-010-01, dated July 31, 2002. 
16.  Standard Telecommunications Infrastructure Requirements for New or Renovated 

Facilities, dated December 26, 2001. 
17.  As-Built Drawings for Existing Buildings at New Construction Site 
18.  ST534 Removal Action Report (removal of the UST by the Boy Scouts Building) 
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19.  Boy Scouts Building and Horse Stables Hazardous Material Demolition Survey Report. 
20.  Guide Specifications SECTIONS:  02065 Contaminated Soils Removal, Hauling, and 

Stockpiling; and 02111 Excavation and Handling of Contaminated Material. 
21.  Metric Design Guide; General Services Administration Office of Design and Construction, 

April 1992. 

1.4.2 Codes and References 

A. Codes and Industry standard references are not attached with this RFP.  Each offeror shall be 
responsible for obtaining any documents not attached as part of this RFP but is referenced as 
criteria for this project.  Requirements contained in this RFP may revise, add to, or substitute 
for criteria contained in the referenced documents.  This RFP shall be deemed the controlling 
authority wherever such differences exist. 
1. The Engineering Improvement Recommendations System can be found at 

www.usace.army.mil/inet/usace-docs/. 
2. Engineering Technical Letters (ETL’s) can be found at 

www.afcesa.af.mil/Publications/ETLs/default.html. 

B. Publications:  construction shall be in accordance with the following codes, standards, and 
regulations. If dates are not given for reference standards or criteria, the latest edition is to be 
used.  The most stringent shall govern where discrepancies occur.  See the subsequent 
discipline narratives in this Section for additional regulatory standards, codes, and references.  
1. U.S. Department of Defense 

a) Interim Department of Defense Antiterrorism/Force Protection Construction 
Standards, December 1999 

b) Department of Defense Antiterrorism/Force Protection Minimum Construction 
Standards, October 2000 

c) DOD 6055.9, DOD Ammunition and Explosive Safety Standard, 1999 
2. U.S. Department of the Air Force 

a) Air Force Handbooks (AFH) 
 AFH 32-1084, Facility Requirements, 1996 
 AFH 32-1163, Engineering Weather Data, 2000 
b) Air Force Instruction (AFI) 
 AFI 32-1065, Grounding Systems, 1998 
 AFI 32-1063, Electric Power Systems, 1994 
c) Air Force Joint Manual (AFJMAN) 
 AFJMAN 32-1082, Facilities Engineering – Electrical Exterior Facilities, 1996 
 AFJMAN 32-1083, Electrical Interior Facilities, 1995 
 AFJMAN 32-1090, Noise and Vibration Control, 1995 
d) Air Force Manuals (AFM) 

 AFM 88-5, Chapter 4, Drainage for Areas Other Than Airfields, 1983 
 AFM 88-7, Chapter 1, Pavement Design for Roads, Streets, Walks, and Open 

Storage Areas, 1992 
 AFM 88-7, Chapter 5, General Provisions and Geometric Design for Roads, 

Streets, Walks, and Open Storage Areas, 1987 
 AFM 88-9, Electrical Design Lightning and Static Electricity Protection, 1985 

 AFM 88-10, Volume 1, Water Supply Sources and General Considerations 
 AFM 88-10, Volume 5, Water Supply, Water Distribution, 1986 

 AFM 88-11, Volume 2, Sanitary and Industrial Waste, Sewers, 1985 
 Manual 113 for Permanent Fuel Maintenance Structures 

e) Air Force Manuals (AFMAN) 
 AFMAN 32-1070, Plumbing, 1993 

 AFMAN 32-1071, Vol. 1, Security Engineering Project Development, 1994 
 AFMAN 32-1071, Vol. 2, Security Engineering Concept Design, 1994 
 AFMAN 32-1071, Vol. 3, Security Engineering Final Design, 1994 

 AFMAN 32-1076, Design Standards for Visual Air Navigation Facilities 
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 AFMAN 32-1093, Energy Monitoring and Control Systems (EMCS), 1991 
 AFMAN 91-31, Occupational Safety and Health Standard, 1997 

 AFMAN 91-201, Explosives Safety Standards, 2000 
f) Air Force Occupational Safety and Health (AFOSH) 
 AFOSH 91-32, Fire Protection and Prevention, 1998 
g) Air Force Pamphlets (AFPAM) 
 AFPAM 32-1097, Sign Standards Pamphlet, 1997 
h) Air Force Regulations (AFR) 
 AFR 88-19, Volume 9, Arctic and Subarctic Construction Buildings, 1988 
i) Air Force Center for Environmental Excellence (AFCEE), Interior Design 

Presentation Format, Air Force Interior Design Guides, Chapter 12 SID/CED 
Presentation Format 

j) Facility Design Guide for Enlisted Dormitories, 1997 
k) Metal Buildings for Air Force Facilities in Alaska, A Report Compiled by the U.S. 

Army Corps of Engineers, North Pacific Division, 1989 
l) Installation Force Protection Guide, 1996 
m) Base Security Standards – AFJMAN 32-1071, Vol. 3, Ch. 2 

3. U.S. Department of the Army 
a) Engineering Circulars (EC) 
 EC 1110-1-92, Classification of Type of Construction, 21 June 2000 
b) Engineering Manuals (EM) 
 EM 385-1-1, Safety and Health Requirements Manual, 1996 
c) Engineering Regulations (ER) 
 ER 1110-345-700, Design Analysis, Drawings, and Specifications, 1997 
d) Engineering and Design Interior Design (ER) 1110-345-122 (available online at 

TechInfo – http://www.poa.usace.army.mil/idg/splash.htm) 
e) Engineering Technical Letters (ETL) 

ETL 1110-3-393, Design of Surfaced Areas, 1988 
ETL 97-18, Guide Specification for Airfield and Roadway Marking, December 
1997 
ETL 94-01, Standard Airfield Pavement Marking Schemes, April, 1991 
ETL 1110-3-491, Sustainable Design for Military Facilities, 2001 

f) Technical Instructions (TI) 
 TI-800-01, Design Criteria, Chapter 11 Energy Conservation Criteria, 1998 

 TI-809-04, Seismic Design for Buildings, 1998 
 TI-809-07, Design of Cold-Formed Load Bearing Steel Systems and Masonry 

Veneer/Steel Stud Walls, 1998 
 TI-809-29, Structural Considerations for Metal Roofing, 1998 

 TI-809-30, Metal Building Systems, 1998 
 TI-809-52, commentary on Snow Loads, 1998 

 TI-809-53, Commentary on Roofing Systems, 1999 
4. Military Handbooks 

MIL-HDBK-1008C, Fire Protection for Facilities Engineering, Design, and 
Construction, 1997 

MIL-HDBK-1190, Facility Planning and Design Guide, 1987 
5. ACI International (ACI) 

ACI 318, Building Code Requirements for Structural Concrete and Commentary 
ACI 315, Manual of Standard Practice for Detailing Reinforced Concrete 

Structures 
6. American National Standards Institute (ANSI) Codes and Standards 

ANSI 250.8, Steel Doors and Frames, 1998 
ANSI C2, National Electrical Safety Code (Latest Edition) 
ANSI MH 27.1, Underhung Cranes and Monorail Systems, 1981 

7. Electronic Industries Association (EIA) 
568-A-1995, Commercial Building Telecommunications Cabling Standard, 1995 
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569-A, Commercial Building Standard for Telecommunications Pathways and 
Spaces, 1998 

606-1993, Administration Standard for the Telecommunication Infrastructure of 
Commercial Buildings, 1993 

607-1994, Commercial Building Grounding and Bonding Requirements for 
Telecommunications, 1994 

8. American Society of Civil Engineers (ASCE) 
ASCE 7, Minimum Design Loads for Buildings and Other Structures, 1998 

9. American Society for Testing and Materials (ASTM) 
ASTM C 578, Rigid, Cellular Polystyrene Thermal Insulation, 1995 

10.  American Society of Heating, Refrigeration and Air Conditioning Engineers (ASHRAE) 
Codes and Standards 

 Handbook of Fundamentals, Latest Edition 
11.  ASME Codes and Standards 
12.  49-CFR 101-19.6 Uniform Federal Accessibility Standards 
13.  18 AAC 75, Oil and Hazardous Substances Pollution Control Regulations, ADEC 
14.  18 AAC 70, Water Quality Standards, ADEC 
15.  Factory Mutual Engineering and Research (FM) - Approval Guide Fire Protection, 1998 
16.  Gypsum Association, (GA) - GA 600, Fire Resistance Design Manual, 1997 
17.  Illuminating Engineering Society (IES) - Lighting Handbook, 2001 
18.  International Conference of Building Officials (ICBO) Codes 
19.  National Electrical Code (NEC) 
20.  International Building Code (IBC), 2000 
21.  Uniform Fire Code (UFC) 
22.  Uniform Mechanical Code (UMC) 
23.  Uniform Plumbing Code (UPC) 
24.  SMACNA Standards 
25.  ASHRAE Standards 
26.  Material Handling Institute (MHI) 

MHI CMAA 74, Top Running and Under Running Single Girder Electric Overhead 
Traveling Cranes Utilizing under Running Trolley Hoist 

27.  Metal Building Manufacturers Association (MBMA) 
MBMA Low Rise Building Systems Manual, 1996 

28.  National Fire Protection Association (NFPA) Standards 
NFPA 11, Low Expansion Foam and Combined Agent Systems 

AM#16... NFPA 11A, Standard for Medium and High Expansion Foam Systems, 1999  
...AM#16 

NFPA 13, Installation of Sprinkler Systems 
NFPA 16A, Installation of Closed-Head Foam-Water Sprinkler Systems 

NFPA 10, Portable Fire Extinguishers, 1998 
NFPA 13, Installation of Sprinkler Systems, 1999 

NFPA 20, Centrifugal Fire Pump 
NFPA 30, Flammable and Combustible Liquids Code, 2000 

NFPA 30A, Motor Fuel Dispensing Facilities and Repair Garages, 2000 
NFPA 37, Standard for the Installation and Use of Stationary Combustion 

Engines and Gas Turbines, 1998 Edition 
NFPA 54, National Fuel Gas Code, 1999 

NFPA 70, National Electrical Code, 1999 
NFPA 72, National Fire Alarm Code, 1999 

NFPA 80, Fire Doors and Fire Windows, 1999 
AM#16... FPA 85, Boiler and Combustion Systems Hazards Code, 2001 ...AM#16 

NFPA 88B, Repair Garages, 1997 
NFPA 96, Ventilation Control and Fire Protection of Commercial Cooking 

Operations, 1998 
NFPA 101, Life Safety Code, 2000 
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NFPA 211, Standard for Chimneys, Fire Places, Vents, and Solid Fuel Burning 
Appliances 

NFPA 409, Standard on Aircraft Hangars 
NFPA 780, Installation of Lightning Protection Systems, 1997 

NFPA 2001, Clean Agent Fire Extinguishing Systems, 2000 
29.  National Wood Window and Door Association (NWWDA) 

NWWDA Industry Standard I.S. 1-A-97, Architectural Wood Flush Doors, 1997 
NWWDA Industry Standard I.S. 2-97, Voluntary Specifications 
for Aluminum, Vinyl (PVC) and Wood Windows and Glass Doors 

30.  NSF International (NSF) 
NSF-01, Listings of Food Equipment and Related Products, Components, and 

Materials, 1994 
NSF Std 2, Food Equipment, 1996 

31.  State of Alaska Administrative Code (AAC) 
18 AAC 72, Wastewater Disposal Regulations, 1997 

18 AAC 75, Oil and Hazardous Substances Pollution Control Regulations, 1999 
18 AAC 80, Drinking Water Regulations, Latest Edition 

32.  Steel Deck Institute (SDI) 
 Standard Specifications Load Tables and Weight Tables for Steel Joists and Joist Girders 

Design Manual for Composite Decks, Form Decks, Roof Decks and Cellular Metal 
Floor Deck with Electrical Distribution; No. 29 

Diaphragm Design Manual (Second Edition); No. DDM02 
33.  Underwriters Laboratories (UL) 
UL 580, Tests for Uplift Resistance of Roof Assemblies, 1994 

UL 790, Tests for Fire Resistance of Roof Covering Materials, 1997 
UL 1256, Fire Test of Roof Deck Constructions, 1998 
UL Fire Resistance Directory Volumes 1 and 2, 2000 
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PART 2 MINIMUM DESIGN CRITERIA 

2.1 DEMOLITION DESIGN CRITERIA 

2.1.1 Scope and Objectives 

A. The Design-Build Contractor’s Architect or Engineer(s) of Record shall be responsible for the 
design associated with demolition work.  Complete design shall generally include that required 
to define and describe execution of the demolition work including hazardous material 
abatement, removal, handling, and disposal; shoring and safety measures; and interface with 
existing utilities and surface features that remain.  The demolition design drawings and 
calculations shall be sealed by the architect or engineer(s) in responsible charge.  The architect 
or engineer(s) shall be licensed in the State of Alaska. 

B. Demolition work shall consist of the complete design of removal of existing buildings, footings 
and foundations (where indicated), slabs, site improvements, and utilities as indicated and as 
required to accomplish the new construction.  It shall be the Contractor's responsibility to 
protect existing features, including roads, utilities, paving, existing monitoring wells, remediation 
systems, and similar items not in the contract work limits, which if damaged by the Contractor 
shall be replaced in kind at no cost to the Government. 
1. OPTION 5 – Horse Stable Complex demolition includes complete removal of footings and 

foundations. 

C. Salvageable Material 
1. There are no salvageable items to turn over to the Government. 

D. All excavations from demolition activities shall be backfilled with classified material in 300-mm 
lifts and compacted to 95% of optimum density.   

2.1.2 References 

A. The publications listed below form a part of this specification.  The publications are referred to in 
the text by basic designation only.  If dates are not given for reference standards or criteria, the 
latest edition is to be used. 

B. Demolition shall be in accordance with the following codes, standards, regulations, and 
references.  The most stringent shall govern when discrepancies occur. 
1. EM 385-1-1, U.S. Army Corps of Engineers Safety and Health Requirements Manual 
2. Contractor Guidance for Preparing and Executing Storm Water Pollution Prevention 

Plans, Corps of Engineers Guide Specification SECTION 01356 
3. Hazardous Material Survey  (see Appendix 13) 
4. Geotechnical Findings Report (see Appendix 4) 
5. Pollution Prevention Measure of Merit (see Appendix 10) 
6. Refer to Hazardous Materials Removal Design Criteria, paragraph 2.2, for specific codes, 

standards, and regulations applicable to hazardous material removal work. 

2.1.3 Work Description – Baseline Demolition 

A. Building 8675 is a single-story wood frame structure over a crawlspace foundation, asphalt 
shingle roofing and wood siding; it is the only structure in the baseline scope of work. The 
contractor shall remove the building, foundation, supply well, septic tank, and utility connections 
completely. 



    
NEW FUEL SYSTEMS MAINTENANCE HANGAR ELM179      
DACA85-02-R-0009, AMENDMENT R0016 
 

 SECTION 01010 Page 11 

B. Building 8661 is a single-story wood frame structure with a slab on grade foundation, wood 
siding, metal roofing.  This building will be relocated by the government under separate 
contract.  The contractor shall remove the foundation, supply well, septic tank, and utility 
connections completely. 

C. Portions of asphalt pavement along Talley Avenue, Frontage Road, and Truemper Loop will be 
demolished where it interferes with the excavation and construction of the new facilities. 

D. Overhead Electrical – The overhead power cables, service drops, poles, and transformers shall 
be removed from within the limits of the new construction.  Cables that remain shall be 
terminated appropriately at the poles and the poles shall be guyed as required. 

E. Miscellaneous utilities including water, gas, telephone, and fiber optic will require removal and/or 
relocation as required for the new construction. 

2.1.4 Work Description:  OPTION 5 – HORSE STABLE COMPLEX DEMOLITION 

A. Includes Buildings 8659, 8663, 8657, 8665 (3 buildings under one number), foundations, supply 
wells, septic tanks, utility connections, fencing, etc. 

2.1.5 Demolition procedures, methods, sequence of operations, and equipment shall be in accordance 
with EM 385-1-1 and Elmendorf AFB FOD requirements. 

A. Rubbish and debris shall be removed from work site daily, unless otherwise directed, to avoid 
accumulation at the demolition site.  All rubbish and debris shall be removed from the Base; no 
on-Base disposal site is available for this project. 

B. The Contractor shall take necessary precautions to avoid damaging Government property, and if 
damage occurs, shall repair or replace the damage as directed by the Contracting Officer at no 
cost to the government. 

C. When utility lines are encountered that are not indicated on the drawings, the Contracting Officer 
shall be notified prior to further work in that area. 

D. Demolition of all features or items found on the site (paved parking areas, fence, utilities, poles, 
etc.) shall be considered incidental to the Contract.  Title to material and equipment to be 
demolished is vested in the Contractor upon receipt of notice to proceed and the Government 
will not be responsible for the condition, loss, or damage to such property.  There are no known 
items of historical significance on the site. 
1. Disposal of Solid Wastes:  The Contractor shall be responsible for disposal of all 

demolition debris, construction debris, and all solid waste at an approved off-base 
location.  Solid waste shall be placed in containers and disposed of on a regular 
schedule.  All handling, transport, and disposal shall be conducted in such a way as to 
prevent spillage and contamination in compliance with Federal, State, and Local 
requirements.  Clean soil materials shall be disposed of on-Base in accordance with 
Elmendorf AFB borrow pit procedures and plan.  Disposal of any hazardous waste shall 
be made through the Elmendorf AFB Hazardous Waste Facility in accordance with 
Elmendorf AFB procedure and plan for hazardous material. 

2. Existing utility services shall be protected from damage.  Coordinate and obtain locates 
for all buried utilities prior to beginning work. 

3. All asphalt paving and concrete shall be sawcut at the limits of removal.  As applicable, 
replacement or repair asphalt paving, concrete, base material, and subbase material 
shall match existing thickness.  
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4. Provide site-clearing operations necessary for construction of the facility and related 
improvements.  Miscellaneous demolition shall include clearing and grubbing of organic 
overburden as required to construct the new improvements at the site location. 

5. Contractor shall demolish building service utilities and cap off all existing utility 
connections at manholes or where the service line connects to the mainline.  Dead end 
service lines shall not be allowed.  Closure of utilities shall be with welded cap or flange 
or other industry standard termination.  Patch penetrations in manhole walls where old 
utility lines are removed. 

6. The Contractor shall conduct demolition and removal operations to ensure minimum 
interference with streets, walks, or other adjacent facilities being used. 

7. The Contractor shall ensure safe passage of persons around area of demolition and 
conduct operations to prevent injury to adjacent buildings, structures, and persons.  The 
Contractor shall promptly repair damages caused to adjacent structures by demolition 
operations at no cost to the Government. 

8. Contractor shall review and comply with Elmendorf AFB requirements for borrow pit 
operation with regard to hauling and disposal regulations, in exchange for use of 
Elmendorf AFB borrow facilities, and before starting any demolition work.  Burning is not 
permitted on site.  Blasting is not permitted. 

9. Use water mist, temporary enclosures and other suitable methodology to limit the spread 
of dust and debris.  Contractor shall maintain rigorous dust control on all construction 
sites, haul roads, and at the landfill site.  Elmendorf AFB requirements for dust and 
Foreign Object Debris (FOD) control is that no visible dust or debris may come off active 
construction sites at any time of the day or night, and no visible dust or debris from 
Contractor use of haul roads or landfill.  Construction sites shall be monitored after hours 
and weekends for dust control.  Construction sites and haul routes shall be continually 
monitored during use to clean up mud, control dust and other debris, and repair damage 
caused by construction activities. 

10.  Use Best Management Practices (BMP’s) as necessary to mitigate storm water erosion 
and sediment pollution runoff from the site.  Comply with governing state and federal 
environmental protection regulations. 

11.  Contractor shall provide a temporary 6-foot high chain link fence to provide separation of 
the site and pedestrians and vehicle traffic.  Coordinate security and barrier requirements 
with the Contracting Officer and Elmendorf AFB.  Fencing will be required around the 
entire construction site. 

2.1.6 Subsurface Conditions:  see the Geotechnical Findings Report in Appendix 4.  

A. Field screening shall be used to determine if soils are contaminated during all excavation work. 

B. If contamination is detected, see SECTION 01010-2.3.11 for procedures. 

2.1.7 Hazardous Materials: Refer to Hazardous Materials Report in Appendix and Hazardous Material 
Abatement Design Criteria, SECTION 01010 Part 2.2, for specific requirements for hazardous 
material removal. 

2.1.8 Backfilling of Demolished Sites:  All excavations from demolition activities shall be backfilled in 
300-mm lifts and compacted to 95% of optimum density.  Backfill shall be classified material 
and shall not contain organic material, trash, rubble, stones in excess of 150 mm or other 
deleterious materials. 

2.1.9 Environmental Issues 

A. Environmental issues must be considered in both the design and construction of this project.  In 
general, the Contractor is responsible for preparing the necessary documentation, including 
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work plans, sampling and testing reports, and other documents required to accomplish the 
work. 
1. The Contractor shall comply with existing permit and work plan requirements in place 

between Elmendorf AFB and regulatory agencies.  The Contractor shall communicate 
environmental issues through the Contracting Officer. 

2. Direct communication with regulatory agencies shall be approved in advance by the 
Contracting Officer.  The Contractor shall pay for regulatory review fees necessary for 
obtaining permits.  Contractor shall follow current State of Alaska Department of 
Environmental Conservation (ADEC) regulation 18 AAC 75, Articles 3 and 9. 

B. This project may include handling and disposal of hazardous materials.  See SECTION 01010 
Part 2.3 – Civil Design Criteria, for specific requirements for contaminated soil and storm water 
runoff. 
1. See SECTION 01010.2.2 - Hazardous Abatement Design Criteria, for specific 

requirements for hazardous materials. 
2. Surface runoff that enters excavations may become contaminated if soils are 

contaminated.  Dewatering of surface runoff from excavation shall include sampling and 
testing and treatment as required.  Any dewatering required during construction shall be 
coordinated with the Contracting Officer. 

3. If any garbage, debris, drums, free liquids, or other potentially hazardous materials not 
addressed in the Hazardous Materials Report are encountered during construction, notify 
the Contracting Officer before proceeding with removal. 

4. The Contractor shall submit a description of hazardous materials, including Material 
Safety Data Sheets (MSDS) and projected quantity of each, anticipated to be brought to 
the site for use during construction.  Contractor shall submit description within 21 days of 
NTP. 

5. The Contractor shall be responsible for impacts caused by the Contractor, including 
spills; dust control during construction; excavation and sediment control; prevention of 
pollution caused by spillage of bitumen, fuels, grease and oils; erosion; concrete spillage; 
aggregate washing; and sanitary and other waste disposal. 
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PART 2 MINIMUM DESIGN CRITERIA 

2.2 HAZARDOUS MATERIALS CRITERIA 

2.2.1 Scope Summary: This Section includes the minimum requirements for the proper identification, 
removal and disposal of hazardous materials from Boy Scouts of America building (8675) and 
the Horse Stable Complex prior to demolition. 

A. A hazardous materials survey was performed by the US Army Corps of Engineers for this 
project.  The hazardous material survey report furnished is to be considered a starting point for 
identification of hazardous materials in the facility.  Additional investigation and sampling may 
be required by the contractor.  The contractor is ultimately responsible for identifying, removing 
and disposing of all hazardous materials necessary to complete the project safely and in 
compliance with current local, state and federal regulations. 
1. The chemical data report for the site is attached as Appendix 13. 
2. The removal action report for building 8675 (BSA) Underground Storage Tank is attached 

as Appendix 18. 
3. The hazardous materials survey report for the BSA and Horse Stables Complex is 

attached as Appendix 19. 

2.2.2 Scope of Work: The Contractor shall identify all hazardous materials in the project to be 
removed, create a work plan for the safe removal of these materials, remove the materials and 
transport and dispose of them in accordance with all applicable federal, state and local 
regulations, the specifications and the approved work plan.  Coordinate all project abatement 
activi ty with the work of other trades at the job site to ensure that unprotected workers are not 
exposed to hazardous materials.  Provide documentation that hazardous materials have been 
removed, properly disposed of and the work area is safe for unprotected workers.  

2.2.3 Asbestos Abatement: Asbestos abatement work shall be performed in accordance with 
referenced standards and regulations, the specifications, and the approved Contractor’s 
hazardous materials work plan.  A preliminary hazardous materials survey of BSA and the 
Horse Stable complex has been performed and results indicate that asbestos-containing 
material exists in or on these buildings.  Asbestos may also exist in buried pipe, pipe insulation 
or pipe coating where tie-ins or capping is required.  The Contractor is responsible for 
identifying, removing and disposing of all asbestos containing materials, dust or debris that may 
be disturbed to complete the project work 

2.2.4 Lead Abatement: Lead-containing paints have been detected on items to be demolished or 
removed as part of the project scope of work.  Settled and concealed dust containing lead may 
also be present in the building on all architectural, structural, mechanical and electrical 
components.  Lead contaminated soils identified shall be removed and properly disposed of.  It 
is the contractors’ responsibility to identify all lead hazards and take appropriate actions for 
removal, disposal and worker protection.  Lead abatement work shall be performed in 
accordance with referenced standards and all current applicable regulations, the specifications, 
and the approved Contractor’s hazardous materials work plan.  Regulated work areas shall be 
established for all lead abatement work.  Metal items shall be recycled to the extent practical.  
All loose and flaking paint chips shall be collected and disposed of as hazardous waste unless 
proven non-hazardous by the EPA Toxicity Characteristics Leaching Procedure.   

2.2.5 Chemical Hazards Abatement: Chemical hazards abatement work shall be performed in 
accordance with referenced standards and regulations, the specifications, and the approved 
Contractor’s Hazardous Materials Work Plan.  Regulated work areas shall be established for all 
chemical hazards abatement work.  
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2.2.6 References: Hazardous materials abatement shall be performed in accordance with the 
following applicable codes, standards and regulations.  

 
ANSI Z9.2 Fundamentals Governing the Design and Operation of Local Exhaust Systems. 
ANSI Z87.1 Occupational and Educational Eye and Face Protection. 
ANSI Z88.2 Respiratory Protection 
ASTM D 1331-00 Surface and Interfacial Tension of Solutions of Surface-Active Agents 
ASTM D 4397 -00 Polyethylene Sheeting for Construction, Industrial, and Agricultural Applications 
ASTM E 119-00a  Fire Tests of Building Construction and Materials 
ASTM E 1368 -00 Visual Inspection of Asbestos Abatement Projects 
ASTM E 1553(1993) Practice for Collection of Airborne Particulate Lead During Abatement and Construction Activities
ASTM E 1613-99 Standard Method for Determination of Lead by Inductively Coupled Plasma Atomic 
Emission Spectrometry (ICP-AES), Flame Atomic Absorption Spectrometry (FAAS), or Graphite Furnace, Atomic Absorption Spectrometry (GFAAS) Techniques
ASTM E 1644-98 Practice for Hot Plate Digestion of Dust Wipe Samples for the Determination of Lead 
ASTM E 1726-01 Preparation of Soil Samples by Hot Plate Digestion for Subsequent Lead Analysis 
ASTM E 1727-99 Field Collection of Soil Samples for Lead Determination by Atomic Spectrometry 
Techniques 
ASTM E 1728-02 Field Collection of Settled Dust Samples Using Wipe Sampling Methods for 
Subsequent Lead Determination 
ASTM E 1729-99 Field Collection of Dried Paint Samples for Lead Determination by Atomic Spectrometry 
Techniques 
ASTM E 1741-00 Preparation of Airborne Particulate Lead Samples Collected during Abatement and 
Construction Activities for Subsequent Analysis by Atomic Spectrometry 
ASTM E 1792-01e1 Wipe Sampling Materials for Lead in Surface Dust 
29 CFR 1910 Occupational Safety and Health Standards 
29 CFR 1926 Safety and Health Regulations for Construction 
40 CFR 61 National Emissions Standards for Hazardous Air Pollutants 
40 CFR 260 Hazardous Waste Management System: General 
40 CFR 261 Identification and Listing of Hazardous Waste 
40 CFR 262 Standards Applicable to Generators of Hazardous Waste 
40 CFR 263 Standards Applicable to Transporters of Hazardous Waste 
40 CFR 268 Land Disposal Restrictions 
40 CFR 763  Asbestos 
42 CFR 84  Approval of Respiratory Protective Devices 
49 CFR 107  Hazardous Materials Program Procedures 
49 CFR 171  General Information, Regulations and Definitions 
49 CFR 172 Hazardous Materials Table, Special Provisions, Hazardous Materials Communications, Emergency Response Information, and Training Requirements
49 CFR 173  Shippers - General Requirements for Shipments and Packaging  
AR 200-1 Hazardous Materials and Regulated Waste Management USA Army, Alaska, Pamphlet 200-1 Hazardous Materials and Regulated Waste Management 
CGA G-7 Compressed Air for Human Respiration 
CGA G7.1 Commodity Specification for Air 
Elmendorf AFB, OPLAN 19-3, Hazardous Waste, Used Oil, and Hazardous Material Management Plan 
EM 385-1-1  (1996) US ARMY Corps of Engineers Safety and Health Requirements Manual 
EPA 340/1-90-018  (1990) Asbestos/NESHAP Regulated Asbestos Containing Materials Guidance 
EPA 340/1-90-019  (1990) Asbestos/NESHAP Adequately Wet Guidance 
EPA 560/5-85-024  (1985) Guidance for Controlling Asbestos-Containing Materials in Buildings 
NFPA 701  Methods of Fire Tests for Flame Resistant Textiles and Films 
NIOSH Pub No. 84-100  NIOSH Manual of Analytical Methods 
8 AAC 61 Occupational, Health and Environmental Control, Toxic and Hazardous Substances 
18 AAC 60 Environmental Conservation-Solid Waste Management 
UL 586  High-Efficiency, Particulate, Air Filter Units 

2.2.7 Qualifications 
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A. Designated Competent Person: The Contractor shall use properly qualified and trained 
personnel to perform duties as the competent person.  The person selected shall have prior 
experience in the administration and supervision of abatement projects, including exposure 
assessment and monitoring, work practices, abatement methods, disposal procedures and site 
safety and health requirements. 

B. Supervisors and Workers: The Contractor shall use only properly qualified and trained 
supervisors and workers for all abatement work.  All workers and supervisors shall have current 
certificates of training for the level of hazardous materials work being performed.  

C. Designated Industrial Hygienist: The Contractor shall select an industrial hygienist to prepare the 
Contractor’s Hazardous Materials Abatement Plan, prepare and perform training, direct air 
monitoring and assist the Contractor’s Competent Person in implementing and ensuring that 
safety and health requirements are complied with during the performance of all required work.  

D. Independent Testing Laboratory: An independent testing laboratory shall be used to perform all 
testing and analysis required during hazardous materials abatement.  The lab shall meet the 
requirements as set forth in the U.S. Army Corps of Engineers, Unified Facilities Guide 
Specifications, SECTION 13280, Asbestos Abatement and SECTION 13281, Lead Hazard 
Control Activities. 

E. Citations on Previous Projects: The Contractor and all subcontractors shall provide a record of 
any citations and penalties received from federal, state or local regulatory agencies relating to 
asbestos or hazardous materials abatement activities performed by the Contractor or 
subcontractor.    

2.2.8 Personnel Program Requirements 

A. Medical Requirements: Medical requirements shall conform to 29 CFR 1926.1101 for asbestos 
abatement work, to 29 CFR 1926.62 for lead abatement work and to other pertinent federal, 
state or local requirements.    

B. Training: Supervisor and worker training shall be in accordance with all federal state and local 
regulations.  In addition, each worker shall be instructed by the Contractors’ industrial hygienist 
on the specific health and safety hazards associated with the project, hazard communication 
program, specific work practices and engineering controls required, security procedures and 
the air monitoring program. 

C.  Respiratory Protection Program: The Contractor shall establish in writing and implement a 
respiratory protection program in accordance with 29 CFR 1926.62 and .1101, 29 CFR 
1910.134, ANSI Z88.2, CGA G-7, CGA G-7.1 and the specifications. 

D. Hazard Communication Program: A hazard communication program shall be established and 
implemented in accordance with 29 CFR 1926.59. 

E. Confined Space Compliance Program: If entry into utilidors or other confined spaces is required 
a written confined space compliance program shall be established and implemented in 
accordance with 29 CFR 1910.146 and with the COE Safety and Health Requirements Manual, 
EM 385-1-1, dated 3 September 1996.  Figure 6-1 of the COE publication is a flowchart which 
will be valuable in helping the Contractor in the decision making process. 

F. Personal Protective Equipment: The Contractor shall provide respirators, protective clothing and 
eye protection at no cost to the workers.  All personal protective equipment shall meet federal, 
state and local requirements for the type work performed. 
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G. Hygiene Facilities and Practices: The Contractor shall establish a decontamination and shower 
area for the decontamination of employees, materials and equipment as required by 29 CFR 
1926.62 and 1926.1101.  The Contractor shall ensure that employees enter and exit 
established regulated areas through a decontamination area.  

2.2.9 Hazardous Materials Work Plan: The Contractor shall develop and submit a written 
comprehensive site specific Hazardous Materials Work Plan covering all abatement work to be 
performed by the Contractor and subcontractors.  The Plan shall describe the personal 
protective equipment to be used, location and description of regulated areas, abatement 
methods, storage and disposal procedures, sampling and testing procedures, environmental 
controls, emergency response procedures, schedule and work coordination plans and security 
procedures.     

A. Licenses, Permits and Notifications: Necessary licenses, permits and notifications shall be 
obtained in conjunction with the project’s hazardous materials abatement, transportation and 
disposal actions.  Timely notifications of such actions shall be furnished as required by federal, 
state and local regulations.  The Contractor is responsible for any fees or costs associated with 
licenses, permits or notifications. 

B. Air Monitoring Equipment: The Contractor’s industrial hygienist shall approve air monitoring 
equipment to be used to collect samples.  Pumps and sampling cassettes shall be suitable for 
the contaminate being sampled.  

C.  Expendable Supplies: Glove bags, disposal containers, sheet plastic and other expendable 
materials shall conform to the requirements of U.S. Army Corps of Engineers, Unified Facilities 
Guide Specifications, SECTION 13280 and SECTION 13281. 

D. Encapsulants: Encapsulants shall meet the requirements identified in Corps of Engineers, 
Unified Facilities Guide Specifications SECTION 13280 “Asbestos Abatement” and SECTION 
13281 “Lead Hazard Control Activities”. 

E. Materials Safety Data Sheets: Submit Materials Safety Data Sheets (MSDS) and projected 
quantities of hazardous materials to be used on the job in accordance with Elmendorf OPLAN 
19-3, Hazardous Waste, Used Oil, and Hazardous Material Management Plan. 

2.2.10 Methods Of Compliance: The Contractor shall employ proper control and handling procedures in 
accordance with all applicable OSHA, EPA, DOT and Elmendorf AFB regulations, U.S. Army 
Corps of Engineers, Unified Facilities Guide Specifications, SECTION 13280, Asbestos 
Abatement and SECTION 13281 (previously 02090), Lead-based Paint Removal.  These 
procedures must be clearly described in the Contractor’s Hazardous Materials Work Plan.   

A. Critical Barriers: Critical barriers shall be installed as necessary to prevent the spread of 
contamination to adjacent work areas or to the public.  Critical barriers shall be installed as 
described in Corps of Engineers, Unified Facilities Guide Specifications, SECTION 13280.  

B. Regulated Areas: All Class I, II, and III asbestos work shall be conducted within a regulated 
area.  The regulated area shall be demarcated to minimize the number of persons within the 
area and to protect persons outside the area from exposure to hazardous materials.  

C. Signs and Labels: Danger signs and tape shall be used to demarcate areas where hazardous 
materials work is being performed and shall be posted at work area entrances, exits, 
decontamination areas, emergency exits, and waste disposal areas.  Warning labels shall be 
affixed to all components or containers containing asbestos or other hazardous waste in 
accordance with all federal, state and local regulations. 
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D. Local Exhaust Ventilation: Local exhaust ventilation equipment shall conform to ANSI Z9.2, 29 
CFR 1926.62, and 29 CFR 1926.1101.  Filters on local exhaust system equipment shall 
conform to ANSI Z9.2 and UL 586. 

E. Tools: Vacuums shall be equipped with HEPA filters and have sufficient capacity to efficiently 
collect, transport and retain asbestos or other hazardous waste.  Power tools shall not be used 
to remove asbestos unless the tool is equipped with an integral HEPA vacuum collection 
system.  Reusable tools shall be thoroughly decontaminated prior to being removed from 
regulated areas.  

2.2.11 Final Cleaning and Inspection: Upon completion of abatement, the regulated areas shall be 
cleaned by collecting, packing and storing all gross contamination.  A final cleaning shall be 
performed using HEPA filtered vacuums and wet cleaning of all exposed surfaces and objects 
in the regulated area.  Upon completion of the final cleaning, the Contractor and Contracting 
Officers’ Representative shall conduct a final visual inspection of the cleaned area in 
accordance with ASTM E 1368.   

A. Lockdown: Prior to removal of plastic barriers and after completing the final visual inspection 
requirements, a lockdown encapsulant shall be spray applied to ceilings, walls, floors and other 
surfaces in the regulated area if unprotected workers will be required to re-enter the buildings 
after abatement is complete. 

B. Clearance Certification: When hazardous materials abatement and final clean up is completed 
the Contractor will certify in writing that the area is safe before unrestricted entry is permitted. 

2.2.12 Exposure Assessment and Air Monitoring: Exposure assessment, air monitoring and analysis of 
airborne contaminates shall be performed in accordance with 29 CFR 1926.62, 29 CFR 
1926.1101 and U.S. Army Corps of Engineers, Unified Facilities Guide Specifications, 
SECTION 13280 and SECTION 13281.  Exposure assessment and air monitoring shall be 
performed by the Contractor’s independent industrial hygienist.  Samples shall be analyzed by 
the Contractor’s independent testing lab.  

2.2.13 Cleanup and Disposal: All hazardous waste including contaminated filters, scrap, containers, 
equipment and clothing shall be placed in proper disposal containers for disposal.  All asbestos 
waste shall be disposed of in an EPA/DEC permitted landfill in accordance with 40 CFR 61, 
state, and local procedures.  Lead contaminated waste and other hazardous waste must be 
handled, stored and transported in accordance with 40 CFR 260, 40 CFR 261, 40 CFR 262, 40 
CFR 263, and Elmendorf AFB OPLAN 19-3.  All hazardous waste generated on Elmendorf AFB 
shall be turned over to the Elmendorf Defense Reutilization and Marketing Office (DRMO), 
Hazardous Waste TSD facility located at Building 11735, Vandenberg Ave., Elmendorf AFB.  
Coordinate with the Elmendorf Environmental Flight (552-1742) for storing, marking, labeling, 
packaging and disposal of all hazardous waste generated on Elmendorf AFB.  

2.2.14 Government Betterments: Not applicable. 

2.2.15 Prohibited Items: Not applicable. 

2.2.16 D/B Contractor Betterments: Not applicable. 
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PART 2 MINIMUM DESIGN CRITERIA 

2.3 CIVIL DESIGN CRITERIA 

2.3.1 References 

A. The publications listed below form a part of this specification to the extent referenced.  The 
publications are referred to in the text by basic designation only.  If dates are not given for 
reference standards or criteria, the latest edition is to be used. 

B. Construction shall be in accordance with the following codes, standards, and regulations.  The 
most stringent shall govern when discrepancies occur. 
1. EM 385-1-1, U.S. Army Corps of Engineers Safety and Health Requirements Manual 
2. ETL 94-01, Standard Airfield Pavement Marking Schemes 
3. ETL 97-18, Guide Specification for Airfield and Roadway Marking 
4. MIL-HDBK-1008C, Fire Protection for Facilities Engineering, Design, and Construction 
5. MIL-HDBK-1190, Sept 1987, Facility Planning and Design Guideline 
6. National Fire Protection Association Fire Codes (NFPA) 
7. Cold Climate Utilities Manual, Canadian Society for Civil Engineering, 2050 Mansfield 

Street, Montreal, Quebec H3A 1Z2. 
8. ADOT&PF Standard Specifications for Highway Construction State of Alaska, 

Department of Transportation and Public Facilities 
9. AGA Manual, American Gas Association, Plastic Pipe Manual for Gas Service 
10.  ASME B31.8, Gas Transmission and Distribution Piping System 
11.  49 CFR 192, Transportation of Natural and Other Gas by Pipeline 
12.  AFH 32-1084, Facility Requirements 
13.  AFP 32-1097, Sign Standards Pamphlet 
14.  TI 814-03, Aug 1998, Water Distribution 
15.  TI 814-10, Aug 1998, Wastewater Collection 
16.  AFM 88-10 Vol.-1/TM 5-813-1, June 1987, Water Supply, Sources and General 

Considerations 
17.  AFM 88-10 Vol.-5/TM 5-813-5, Nov 1986, Water Supply, Water Distribution 
18.  AFM 88-11 Vol.-1/TM 5-814-1, Mar 1985, Sanitary and Industrial Wastewater Collection, 

Gravity Sewer & Appurtenances 
19.  AFM 88-3 Chp. -7/TM 5-818-1, Oct 1983, Soils and Geology Procedures for Foundation 

Design of Buildings and Other Structures (other than Hydraulic Structures). 
20.  AFM 88-5 Chp.-1/TM 5-820-1, Aug 1987, Surface Drainage for Airfields 
21.  AFM 88-5 Chp.-4/TM 5-820-4, Oct 1983, Drainage Areas for Other than Airfields 
22.  AFM 88-7 Chp.-5/TM 5-822-2, July 1987, General Provisions and Geometric Design for 

Roads, Streets, Walks, and Open Storage Areas 
23.  AFM 88-7 Chp.-1/TM 5-822-5, June 1992, Pavement Design for Roads, Streets, Walks, 

and Open Storage Areas 
24.  AFM 88-6 Chp.-8/TM 5-822-7, Aug, 1987, Standard Practice for Concrete Pavements 
25.  AFM 88-6 Chp.-7/TM 5-822-11, June, 1993, Standard Practice for Sealing Joints and 

Cracks, Rigid and Flexible Pavements 
26.  AFMAN 32-8008 Vol.-1/TM 5-825-1, Mar 1994, General Provisions for Airfield 

Pavements Design 
27.  TM 5-853-1,2,3, May 1994, Security Engineering Design, Volumes 1, 2, & 3 
28.  UFC 3-250-03, Standard Practice Manual for Flexible Pavement 
29.  UFC 3-260-01, Airfield and Heliport Planning and Design 
30.  UFC 3-260-02, Pavement Design for Airfields 
31.  UFC 4-010-01, DOD Minimum Antiterrorism Standards for Buildings 
32.  Uniform Federal Accessibility Standards, (UFAS); Federal Register.  (FED-STD-795) 
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33.  18 AAC 72, State of Alaska, Department of Environmental Conservation (ADEC), 
Wastewater Disposal 

34.  18 AAC 78, State of Alaska, Department of Environmental Conservation 
(ADEC),Underground Storage Tank Regulations 

35.  18 AAC 80, State of Alaska, Department of Environmental Conservation (ADEC), 
Drinking Water Regulations 

36.  EAFB Standard Operation Procedures (SOP) for Waste Disposal and Borrow Pit 
Operations 

37.  Hazardous Materials and Waste Management Plan (HMWMP) for EAFB. 
38.  Contractor Guidance For Preparing and Executing Storm water Pollution Prevention 

Plans, ADOT&PF 2nd Edition 1993. 
39.  Geotechnical Findings Report for New Fuel Systems Maintenance Dock, Site 3 (ELM 

179), Alaska, dated October, 2002 (see Appendices) 
40.  EAFB Utility Maps (see Appendices) 

2.3.2 Minimum Requirements 

A. The Design-Build contractor’s Civil Engineer(s) of Record shall be responsible for the civil 
design.  Complete civil design shall generally include site work, earthwork, grading and 
drainage, roads and parking, airfield pavements, utilities, hazardous material, and coordination 
of any architectural, mechanical, and electrical site features although they may be shown on 
other disciplines’ drawings.  The civil design drawings and calculations shall be sealed by the 
engineer in responsible charge.  The engineer shall be licensed as a civil engineer in the State 
of Alaska. 

2.3.3 Scope and Objectives 

A. Site work shall consist of the complete design and construction of building site earthwork and 
grading, access roadways, parking areas, asphalt and concrete pavement sections for airfields, 
aircraft maneuvering areas, curbs and gutters, pedestrian walks, site utilities, fire protection 
requirements, security/lighting provisions, site drainage, and landscaping.  The facility shall be 
completely usable with utility connections and other amenities as described in this document.   

B. Design shall take into consideration topography and natural characteristics of the area, including 
climatic conditions, prevailing winds, areas of snow accumulation, etc.  It shall be the 
Contractor's responsibility to protect existing features, which include roads, utilities, sidewalks, 
paving, curbs, and similar items not in the contract work limits, which if damaged by the 
Contractor shall be replaced, in kind at no cost to the Government.  Site work and utility designs 
shall provide a functional development requiring only routine maintenance through its design 
life.  Emphasis shall be placed on positive drainage, separation of dissimilar soil materials, and 
minimizing heave and subsidence.  Site planning, development and the Contractor's operations 
shall at all times take into consideration that other facilities bordering the site must remain fully 
operational during the performance of the work. 

2.3.4 Sub-Arctic Climate 

A. Sub-arctic conditions exist at the Project Site.  Winter temperatures in the range of -5 degrees C 
to -25 degrees C are common for extended periods every winter, and temperatures of -30 
degrees C are periodically experienced for periods of several days. 

B. Snow begins accumulating in late September/October and does not begin to melt until 
March/April.  It is common to have one meter of snow cover through mid March.  The design 
analysis shall include written descriptions, accompanied by calculations as necessary, to show 
that all elements of the Civil Design are designed according to the principles and procedures of 
the Cold Climate Utilities Manual. 
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2.3.5 Topographic Survey 

A. The Project Site survey data of the proposed site location shows the topography, streets, 
utilities, and other surface features.  The Contractor shall review and field verify the topographic 
survey information and be responsible for all additional survey(s) required to complete 
requirements of these documents. 
1. Project Survey Control.  Survey monuments listed on the survey shall be used as the 

horizontal and vertical reference control points for work performed by the Contractor. 
2. Protection of Monuments.  Existing survey monuments shall be protected during 

construction from movement and damage.  Damaged monuments shall be replaced, to 
the original order of survey accuracy, at no cost to the Government. 

3. Not all underground utilities may be shown on the topographic survey provided.  
Contractor shall obtain utility locates prior to starting any earthwork. 

2.3.6 Fire Protection 

A. New fire hydrants will be required at the project site.  For the exterior fire protection system, 
Contractor shall install a looped water line around the new hangar building.  Minimum water line 
size for the fire protection system shall be 200mm. Contractor shall determine number of 
hydrants required for this facility but shall install a minimum of four (4), one at each corner of 
the new facility.  Locate hydrants so as not to interfere with aircraft maneuvering operations. 

B. Provide fire hydrants at each corner of the building.  In addition, a fire hydrant shall be located 
within 45.7-m of the fire department building connection.  Consideration shall be given to 
hydrant placement and the planned Fourth Maintenance Bay (Option 1).  Fire hydrants shall be 
located so that they will not need to be relocated or additional hydrants needed when the 
Fourth Maintenance Bay is constructed and are accessible by fire fighting equipment. 

C. Fire hydrants shall be UL listed dry barrel type with breakaway flange and shall match in 
appearance and threading of those presently in use on the installation, Mueller or Amercian 
Darling.  Hydrant laterals shall be 150-mm minimum size, and shall have an underground 
shutoff valve with an adjustable valve box in each lateral within 3 meters of the hydrant.  
Hydrants shall have their pumper outlet facing the street.  Hydrants shall be located a minimum 
of 1 meter and a maximum of 2 meters from pavement with 610-mm from finished ground to top 
nut of hydrant and 460-mm to center of pumper connection.  Break-away flange of hydrant 
barrel shall be located 100-mm maximum above finish grade adjacent to hydrant.  Hydrants 
shall be painted Sorrel Brown.  Provide bollards to protect hydrants that are located in traffic 
areas. 

D. Pressure and flow capacity of the existing water line is not available.  Flow calculated from the 
Base hydraulic model indicates the 200mm line near building 8665 AM#16… delete “should” 
…AM#16 flows AM#16… delete  “about” …AM#16 101 l/sec @ 310 kPa residual pressure and 
164 l/sec @ 138 kPa residual.  Contractor shall perform a flow test after the new hydrants are 
installed to confirm the design. 

E. For the buildings internal fire suppression system, if water pressure from the mainline is 
inadequate, a booster pump will be required.  See Part 2.8 - Fire Protection Design Criteria, for 
further fire protection requirements. 

2.3.7 Force Protection / Antiterrorism 

A. The site requires force protection / antiterrorism as described herein and per UFC 4-010-01 
requirements: 
1. Eliminate locations of concealment.  Any recessed areas, concealed spaces, and 

landscape features on the exterior of the building shall be designed with security in mind.  
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This includes well-lit alcoves, and avoidance of large objects in the landscape, etc.  
Creativity and common sense are required to provide interesting visual features while still 
providing a safe, accessible and secure environment. 

2. Trash receptacles and dumpsters shall be located at least 25 meters from any building 
element. 

3. Windows shall be protected per Force Protection requirements, see architectural 
requirements Part 2.4. 

4. Site circulation and parking shall be designed to deter a vehicle from driving or parking 
closer than 25 meters to the building. 

B. A new perimeter fence will be installed in Spring 2003 by others.  New fence will connect to the 
existing fence near intersection of Talley Avenue and Arctic Warrior Drive and continue along 
north side of Arctic Warrior Drive to Vandenberg Avenue, then north along Vandenberg Avenue 
to Davis Highway.  A new vehicle gate will be installed at Truemper Loop that can be used to 
access the project site.  A new gate will also be installed on the north end of Talley Avenue new 
the Davis Highway.  Both gates may be used by the contractor to access the new Hangar site.  
No other permanent security fencing is anticipated for this project. 

2.3.8 Site Layout and Design 

A. Requirements described herein and further defined in MIL-HDBK-1190, TM 5-822-2, TM 5-822-
5, TM 5-820-1, TM 5-820-4, UFC 3-250-03, UFC 3-260-01, UFC 3-260-02, and Uniform 
Federal Accessibility Standards,  shall be incorporated into the design.  The site layout and 
design shall meet the minimum provisions of all applicable references outlined in Part 2.3.1 
above. 

B. The Contractor shall confine proposed development to the project area as designated in these 
RFP documents. 

C. The limits of the project site and construction fencing are shown on the Site Survey, C-1, in 
Appendix 1. 
1. Site improvement locations and configurations shall conform to the general requirements 

as described herein these RFP documents.  Provide handicap parking and accessible 
access to the building in accordance with Uniform Federal Accessibility Standards.  See 
Architectural Part 2.4 for additional accessibility requirements. 

2. Protect existing utility lines when new pavements are constructed above them.  When the 
depth of cover over utilities, structural load, or thermal regime is changed, the utilities 
shall be redesigned for the altered conditions.  New underground utility lines (including 
utilidors, manholes, vaults, etc.) shall not be located under roads, streets, parking areas 
or drainage ditches, unless there is no practical alternative, and the Contracting Officer 
provides written approval. 

3. Sleeve all utilities including water, sewer, electrical, communication and natural gas 
utilities, new and existing, that cross under the new “Modified Tow-way”. 

D. Provide paved transition of Frontage Road across new “Modified Tow-way”.  Maximum 
longitudinal gradient of the transition shall be 2 percent.  Frontage Road is used for 
emergency and tow vehicles that operate along the runway. 

2.3.9 Geotechnical 

A. The Design-Build contractor’s Geotechnical Engineer of Record shall be responsible for 
preparing design recommendations.  The foundation recommendation report shall be sealed by 
the engineer in responsible charge and shall be licensed as a civil engineer in the State of 
Alaska. 
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B. A geotechnical findings report for this project has been provided by the Government, see 
appendix 5.  It shall be the Contractor’s responsibility to provide any additional fieldwork 
deemed necessary.  The Contractor shall verify all government -furnished information.  It is the 
Contractor's responsibility to investigate the subsurface soil conditions, ground water table and 
soil resistivity, etc. and obtain adequate geotechnical data to determine utility installation, 
trench sections and transition requirements, soil bearing capacity, foundation design, 
consolidation/settlement criteria, roadway or parking structural sections, trench dewatering, 
waterproofing design, footing design, caisson design and all other necessary site work 
geotechnical criteria to provide project requirements. 

C. Surface runoff that enters excavations may become contaminated if soils are contaminated.  
Dewatering of surface runoff from excavation shall include sampling and testing and treatment 
as required. 

D. Design and Analysis.  The Contractor shall prepare a geotechnical design analysis for all work 
performed for this project.  The geotechnical design analysis shall be submitted for review with 
the 35% design submittal.  The analysis shall include evaluation of soils and liquefaction, 
bearing capacity analyses, settlement calculations, lateral earth pressures, temporary and 
permanent dewatering designs, foundation design, analysis of the effects of arctic climate 
including frost transition recommendations.  Design shall be in accordance with TM 5-818-1, 
TM 5-822-5, and the Cold Climate Utilities Manual, followed by other references of choice.  
Organize the design analysis into Sections: 
1. Site:  Overall geotechnical analyses of the project sites. 
2. Buildings:  Analysis and design of each foundation type for each building. 
3. Utilities:  Analysis and design for each utility and buried utility system. 
4. Traffic systems:  Analysis and design for each type of traffic system, i.e., street, parking 

area, aircraft parking and maneuvering, etc. 

E. Final Geotechnical Report.  The Contractor shall submit five (5) copies of the final report, in 
booklet form, to the Contracting Officer within 30 days of the final earthwork activity.  The final 
report shall be stamped and sealed by the Contractors Geotechnical Engineer.  The report shall 
include: 
1. The Contractors Geotechnical Design Analysis. 
2. Field Screen Information.  Include the SAP, an explanatory narrative of the work 

performed, observations, typical photos, map showing the location and type of test(s), 
and a table of field screening and other test results that is updated as work proceeds. 

3. Compaction Test Plan and Data. 
4. Calibration of Equipment.  List of equipment, copies of calibration curves and results of 

calibration tests for each, and observations on the correlation between field and 
laboratory tests results. 

F. Earthwork.  Clean soil material from excavation that is in-excess-of project needs shall be 
transported and disposed of on-Base in accordance with the EAFB requirements for waste 
disposal and borrow pit operation.  Coordinate with Base Civil Engineering, John Mahaffey 
(907) 552-7415, the point of contact for the on base landfill.  All other debris shall be disposed 
of according to Paragraph 2.1.3C1, Disposal of Solid Wastes.  All liability of any nature resulting 
from the disposal of the materials shall be the responsibility of the Contractor. 
1. Borrow Source:  Contractor shall comply with all aspects of EAFB requirements for 

borrow pit operations.    
2. Materials:  Shall be classified in accordance with the Unified Soil Classification System 

and compaction efforts shall be specified by ASTM standards. 
3. Classified Fill and Backfill:  Soil material used as classified fill and backfill shall be 

well-graded non-frost susceptible materials consisting of sand, gravel, broken stone, or 
similar material and containing not more than 60 percent by weight passing the No. 4 
sieve.  All material shall be free of frozen lumps.  Material shall not exceed a size 
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equaling 2/3 of the specified maximum lift thickness.  Material within 600-mm of the 
surface shall not exceed 50-mm in diameter.  

4. Non-frost Susceptible Soils: Inorganic soils containing less than three percent by weight 
of grains finer than 0.02-mm.  The methods of test used shall be the ASTM C 117, ASTM 
C 136, ASTM D 75, and ASTM D 422. 

5. Subbase:  Subbase, greater than 900-mm below finish grade, shall consist of non-frost 
susceptible (NFS) pit run gravel, sand, combination of these, or other approved NFS 
materials.  Subbase within 900-mm of the finish grade shall consist of classified fill or 
backfill material, spread, processed, and compacted on the prepared subgrade or 
subbase. 

6. Base Course:  Gradation shall conform to ADOT&PF Standard Specification for Highway 
Construction, Table 703-2, Grading D-1, except the percentage of particles by weight 
having diameters less than 0.02-mm shall be from 0 to 3 percent. 

2.3.10 Operation of the On-Base Gravel Extraction Site 

A. General:  The government will provide an on-base gravel extraction site for the Contractor to 
use.  The Contractor is under no obligation to use the on-base gravel extraction site.  The on-
base borrow pit, which is under the jurisdiction of the base civil engineer and his/her technical 
representative, will be inspected on a regular basis for compliance with these specifications.  
Non-compliance with these specifications can result in the Contractor no longer being permitted 
to use the on-base borrow pit and the Contractor shall then be required to ut ilize an off-base 
borrow pit at no additional cost to the government. 

B. Gravel Extraction Site:  The on-base borrow source shown on the drawings is available for the 
Contractor’s use.  The Contractor is responsible for performing the necessary testing to 
determine the usability and reject level of the aggregate mined from the gravel extraction site.  
The government makes no claims that the gravel extraction site will meet the specifications.  If 
this source is used, aggregate shall be mined from the area designated by the Contracting 
Officer. 

C. Use of Off-Base Aggregate Sources:  The use of off-base aggregate sources and off-base 
asphalt plants shall not constitute a change in contract price. 

D. Method of Operating the Gravel Extraction Site:  The method of operating the gravel extraction 
site will be subject to approval in order to obtain materials conforming to the specified 
requirements, to insure utilization of available materials to the best advantage, and to avoid 
opening numerous small pits, or shallow pits over large areas.  The pit shall be opened in such 
a manner as to expose the vertical faces of the deposit for suitable working depths.  All strata 
and pockets of unsuitable materials overlaying or occurring in the deposit shall be stockpiled for 
reclamation as directed. 

E. Preliminary Approval:  Preliminary approval of the gravel extraction site shall not mean that all 
materials found in the deposit will be acceptable and the right is reserved by the Contracting 
Officer to reject certain areas, strata, or channels within the areas and zones of the gravel 
extraction area, when in the opinion of the Contracting Officer, the material is unsatisfactory. 

F. On-Base Gravel Extraction Site:  The contractor shall provide all of the required work for the 
development of the on-base gravel extraction site, which includes but is not limited to:  clearing 
and grubbing, stripping and stockpiling of the overburden, field surveying to locate boundaries, 
stockpiling of the reject materials in the designated areas, and satisfactory drainage of the 
gravel extraction site.  These items shall be considered as incidental operations to the gravel 
extraction process and will result in no additional cost to the Government. 
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G. Government Guarantee:  The Government does not guarantee that all the materials needed to 
meet the aggregate specifications will be available at the on-base gravel extraction site.  Blend-
sand which is required for the asphalt pavement is not available on-base.  The Contractor shall 
immediately notify the Contracting Officer in writing of problems meeting the gradation 
requirements for aggregate. 

H. Access Road:  The access road to the Gravel Extraction Site is a 3.6-meter wide earthen road.  
The Contractor shall provide dust control on this road.  The Contractor may widen or otherwise 
upgrade this road using gravel from Gravel Extraction Site. 

I. Use of the Gravel Extraction Site:  The Gravel Extraction Site shown on the drawings is the only 
authorized on-base source for this contract.  The Contracting Officer will provide the specific 
location within the limits of the new gravel extraction area for the Contractor to set-up operation. 

J. Stockpiling of Processed or Unprocessed Materials:  Due to the lack of cleared space in the 
borrow pit, the Contractor shall clear and grub and strip overburden for the additional cleared 
space required to stockpile material.  Submit stockpile plan to the Contracting Officer for 
approval. 

K. Stockpile of Processed and Unprocessed Materials:  All stockpile of processed and unprocessed 
materials shall be marked in the field with metal signage on metal posts with concrete base 
indicating type of material and project name.  Keep separate piles for each type of material.  All 
processed and unprocessed materials that are excess to this contract shall remain the property 
of the Air Force and shall be stockpiled neatly at the gravel extraction site. 

L. Stockpiling of Clearing and Grubbing Material:  The clearing and grubbing material generated 
from the gravel extraction operation shall be neatly placed into the new boundary berms.  The 
new boundary berms shall be 6 meters high with the sides sloped at 2 meters horizontal by 1 
meter vertical and shall be placed along the boundary edges of the Gravel Extraction Site in the 
areas designed by the Contracting Officer.  This material typically consists of brush-hogged 
trees, brush, grass, peat, organics, and the like.  No unprocessed trees shall be used for the 
berms.  All larger trees (greater than 100-mm diameter) shall be cut into 3-meter long sections 
and neatly piled at locations as directed by the Contracting Officer. 

M. Stockpiling of the Overburden Material:  The overburden material generated from the gravel 
extraction operation shall be neatly placed into the new boundary berms.  The new boundary 
berms shall be 6 meters high with the sides sloped 2 meters horizontal by 1 meter vertical and 
shall be placed along the boundary edges of the Gravel Extraction Site in the areas designated 
by the Contracting Officer.  This material typically consists of sandy gravels with high levels of 
clays and silts. 

N. Stockpiling of the Reject Material:  The reject material generated from the crushing or screening 
shall be stockpiled at locations as directed by the Contracting Officer. 

O. Reject Material:  Reject material is defined as the uncrushed material generated by the crushing 
operation which is scalped off prior to being crushed and has no further use on this contract.  
When this material complies with the material specifications for classified soil, unclassified soil, 
subbase, pipe bedding soil, or the like, the Contractor may use this material for those items in 
this contract. 

P. Excess Reject Material:  The excess reject material shall remain the property of the Air Force.  
Provide an access point to the reject. 

Q. Gravel Extraction Plan:  Submit a Gravel Extraction Plan at 1:1000 scale to the Contracting 
Officer for approval, which includes the following:  mining procedures, asphalt plant and 
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crushing plant layouts, other equipment layouts, stockpile locations and quantities, stripping 
locations, clearing and grubbing areas, 30 meter vegetation buffer, 6 meter high berm location, 
etc.  At the completion of the mining, the Contractor shall submit to the Contracting Officer the 
following:  the actual layout of the area mined with actual quantities of all materials extracted 
and the actual layout of the submitted Gravel Extraction Plan as indicated above. 

R. Gravel Extraction Site Work Hours:  The gravel extraction site operation shall be limited to 
Monday through Sunday inclusive, between 0700 - 1800 hours, excluding federal holidays, 
unless approved otherwise in writing by the Contracting Officer.  Provide proposed work hours 
and work schedule for the operation to the Contracting Officer for approval at least 10 days 
prior to starting work. 

S. Other Extraction Hours:  Should the Contractor desire to work other than these hours, the 
Contractor must request approval of the deviation in writing at least 72 hours prior to the period 
of the intended deviation.  The Contractor shall not accomplish the deviation in work hours 
unless permitted in writing or verbally by the Contracting Officer. 

T. Fuel Spills:  On a weekly basis, the Contractor shall remove all fuel spill stains and all other POL 
spill stains generated by his operation from the gravel extraction floor and properly dispose of 
them as fuel contaminated soil at the Contractor’s expense. 

U. Mining Operations 
1. Safe Mining Procedures:  Contractor shall follow safe mining procedures IAW applicable 

State and Federal regulations, namely MSHA (Mining Safety and Health Administration). 
2. Signs:  Contractor shall place metal signs (0.6 meter square, minimum) at all entrances 

to the gravel extraction site that say “DO NOT ENTER UNLESS AUTHORIZED BY THE 
BASE CIVIL ENGINEER”. 

3. Extraction Site Maintenance:  During the mining operation and upon completion of the 
mining operation, the Contactor shall make sure that the remaining vertical walls of the 
gravel extraction area that are mined do not exceed a height of 6 meters from the gravel 
extraction floor to the first bench level, from the first bench level to the second bench 
level, etc.  The remaining vertical walls will be stepped upward and into the vertical face 
with a rise of 6 meters (maximum) and a run of 12 meters (minimum) for each 6-meter 
bench level up to the top of the vertical face.  Submit benching plan to the Contracting 
Officer for approval.  Limit excavation depth to approximately 3 meters above the 
groundwater table. 

4. Clear Zone, Scaling, Demobilization Requirements 
a) Borrow Pit Operation:  No portion of the borrow pit operation (including stockpiles 

and the boundary berms) shall extend into the Clear Zone of the airfield. 
b) Scale of Material:  The Contractor shall scale all loads of material leaving on-

Base Gravel Extraction Site.  The Contractor shall submit monthly running totals 
for each type of material (in metric tons) removed from the on-base gravel 
extraction site to the Contracting Officer and the base borrow pit engineer. 

c) Demobilization:  The Contractor shall demobilize from the “Gravel Extraction 
Site” not later than 30 days after completion of the work requiring use of the site. 

5. Final Clean-Up: Upon completion of the work covered by this contract, the Contractor 
shall leave the borrow areas and adjacent premises in a satisfactory condition, with free 
drainage to adjacent drainage area.  Contractor shall level out the gravel extraction floor, 
filling in all holes, and leveling out all piles except for those stockpiled for future use.  All 
spills shall be cleaned up. 

2.3.11 Contaminated Soils 

A. The Contractor shall provide field screen soil sampling throughout the duration of excavation 
activities to determine if contamination is present in the soils.  The site is not expected to be 
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contaminated.  The Sampling and Analysis Plan (SAP) shall include the Field Sampling Plan 
(FSP) and the Quality Assurance Program Plan (QAPP).  The Contractor shall immediately 
notify, by writing and phone, the CO if contamination is discovered.  The Base Environmental 
Office shall be responsible for providing notification to ADEC.  Contaminated soils procedures 
do not apply to the gravel extraction site operation.  Contractor not required to provide field 
screen soil sampling at the gravel extraction site operation. 

B. Sampling and Analysis Plan (SAP).  The Contractor shall prepare and submit a Sampling and 
Analysis Plan (SAP) to the Contracting Officer for approval.  The SAP shall reflect the degree of 
complexity of the project and shall be composed of a Field Sampling Plan (FSP) and a Quality 
Assurance Program Plan (QAPP).  The plans shall include method to be used for field 
screening and frequency of sampling.  Field screening shall be utilized according to prudent, 
professional judgment.  The Contractor shall exercise a high degree of control over field 
screening in conjunction with construction in order to adequately screen for POL contaminated 
soil. 

C. Equipment.  The Contractor's shall use a Hydrocarbon Vapor (HV) test or other appropriate field 
test to qualitatively check for the presence or absence of soil contamination where visible stains 
are not apparent.  The Contractor shall include in the SAP a description of the type of 
instruments selected, limits, action levels, procedures for testing, and training to use the 
instruments and interpret the data. 

D. Excavation and Handling of Contaminated Material.  Screening of excavated soil shall be 
conducted during all excavating activities.  Field screening shall be performed in accordance 
with the approved Sampling and Analysis Plan (SAP).  If field-screening results indicate 
contaminated soils exists in the excavated material or is remaining in the excavation, additional 
field screening tests shall be used to delineate the boundary between clean soils and 
contaminated materials. 

E. Contaminated Soil Identification and Removal.  When visual inspection, field screening, or 
commercial laboratory testing identifies contaminated soils, confirmation shall be accomplished 
through Contractor quality control (QC) samples and government quality assurance (QA) 
samples.  QA and QC duplicate samples shall be collected at a rate of at least one per every 
ten non-duplicate samples collected.  QC samples will be submitted as blind duplicates to the 
Contractor’s laboratory.  QA samples will be submitted to an independent laboratory selected 
by the Government. 

F. If contaminated soils are identified, the requirements and procedures of Appendix 20 
(specification SECTION 02065 and 02111) shall be strictly followed.   

2.3.12 Geotechnical Testing 

A. Compaction tests shall be performed on each layer of compacted material placed.  Testing shall  
be the responsibility of the Contractor and shall be performed by a Corps of Engineers 
approved independent testing agency.  The Contractor shall remove and replace 
nonconforming materials and shall recompact and retest failed and replaced areas until the 
specified degree of compaction is obtained.  The Contracting Officer may direct that the tests 
be taken at locations other than those shown on the submitted compaction test plan and that 
additional tests be taken to supplement these required tests. 

B. Calibration of Equipment.  Provide the manufacturer’s recommended calibration procedures for 
each piece of test equipment. 
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C. Compaction Test Plan and Data.  The Contractor shall submit the initial compaction test plan to 
the Contracting Officer prior to beginning earthwork activities on the work item.  Plan and Data 
shall include: 
1. Compaction Test Plan.  Shall show the exact location of each test.  This plan shall be 

keyed to the test results. 
2. Test Record.  The record of each test shall reflect the type of test procedure(s), the firm 

or person that performed the test, the project title and contract number. 
3. Test Results and other Data.  Log and compile the results of each test and any 

observation made, and for compaction tests, the volume or unit weight of the standard, 
and the volume or unit weight of the compacted soil. 

D. Type and Frequency of Tests.  Characteristics of backfill materials shall be determined in 
accordance with particle size analysis of soils ASTM D 422 and moisture-density relations of 
soils ASTM D 1557.  A minimum of one particle size analysis and one moisture-density relation 
test shall be performed on each different type of material used for bedding and backfill.  The 
area referred to hereinafter which determines the minimum number of tests required shall be an 
area that is compacted in one continuous operation. 

E. Structural (Type 1) Compaction Tests.  The following density tests are required beneath 
structures with on-grade concrete floor slabs and footings and slabs.  The number of tests shall 
apply to each layer of material placed. 
1. Compacted Area: 50-square meters or less.  A minimum of two tests or one test for each 

12-square meters of area, whichever will provide the greatest number of tests. 
2. Compacted Area: Between 50-square meters and 360-square meters.  A minimum of 

four tests. 
3. Compacted Area: 360-square meters or greater.  One test for each 90-square meters of 

area. 

F. Structural (Type 2) Compaction Tests.  The following density tests are required beneath footings 
for structures where the compaction requirements beneath footings and floor slabs vary.  The 
number of tests shall apply to each layer of material placed. 
1. Continuous Footings: One test for each 15-meters of continuous footing for walls over 

30-meters long or a minimum of two tests per wall, whichever provides the greatest 
number of tests. 

2. Column Footings: One test per footing. 

G. Utility Systems Compaction Tests.  The number of density tests required for backfill in utility 
trenches shall conform to the following: 
1. Bedding Layers under Utilities: One test per 60-meters of trench or a minimum of two 

tests, whichever is greater. 
2. Trench Backfill in Graded Areas: Minimum of two tests per layer or one test per layer for 

each 90-meters of trench, whichever provides the greatest number of tests. 
3. Trench Backfill in Traffic Areas: Minimum of two tests per layer or one test per layer for 

each 30-meters of trench, whichever provides the greatest number of tests. 

H. Roadway, driveway, parking area, and aircraft apron, “Modified Tow-way”, and maneuvering 
area (Size 1) Compaction Tests.  The number of density tests required for roadways and 
driveways up to 90-meters in length, and parking areas and aircraft apron and maneuvering 
area up to 550-square meters, shall conform to the following requirements for each layer of 
material placed: 
1. Subbase and Base Course: A minimum of two tests or one test for each 20 meters of 

length or each 140-square meters of area, whichever provides the greatest number of 
tests. 

2. Subgrade:  A minimum of two tests or one test for each 30-meters of length or each 
200-square meters of area, whichever provides the greatest number of tests. 
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I. Roadway, driveway, parking area, and aircraft apron, “Modified Tow-way”, and maneuvering 
area (Size 2) Compaction Tests.  The number of density tests required for roadways 
over90-meters in length and parking areas and aircraft apron and maneuvering area over 
550-square meters, shall conform to the following requirements for each layer of material 
placed: 
1. Subbase and Base Course: A minimum of four tests or one test for each 45-meters of 

length or 280-square meters of area, whichever provides the greatest number of tests. 
2. Subgrade: A minimum of four tests or one test for each 60-meters of length or 

370-square meters of area, whichever provides the greatest number of tests. 

J. Gradation and Non-frost Susceptibility Tests.  Tests shall be conducted on structural soil 
materials for structures, utility systems, and roadways, driveways, and aircraft maneuvering and 
parking areas.  In-place structural soil materials shall be sampled and tested for gradation and 
non-frost susceptibility requirements at least once for every 750-compacted-cubic meters or 
portion thereof and for every change in borrow source.  For these tests, gradation shall be 
determined in accordance with ASTM C 136, with ASTM C 117 used to determine minus No. 
200 sieve material and ASTM D 422 used to determine minus 0.02-mm materials. 

2.3.13 Site Grading and Storm Drainage 

A. Requirements described herein and further defined in TM 5-822-2 and TM 5-820-4 shall be 
incorporated into the design: 
1. Building Finish Floor Elevation.  The Contractor shall establish the finish floor elevation of 

buildings to provide positive drainage away from the building.  The Hangar bay entrance 
and approach shall be sloped a minimum of 2% away from the building for a distance of 
6m and provide positive drainage around the building. 

2. Site Grading.  Finish grade adjacent to the building shall be 150-mm below the finish floor 
elevation, except at doors.  Site grading, parking and taxi areas, etc., shall be sloped to 
drain to the existing ditches.  Non-paved drainage slopes away from the building shall be 
a minimum of 5.0-percent for a horizontal distance of 3-meters, and be graded 
2.0-percent slope thereafter to existing and/or new (as necessary) drainage outfall 
collection point(s).  Open areas, away from the building, shall also be graded 2.0-percent 
sloped to the existing drainage outfall system.  Banks of earthwork cuts or embankments, 
ditches, etc, shall not be steeper than one (1) meter vertical in three (3) meters 
horizontal.  The preferred slope for permanent banks and ditches is one (1) meter vertical 
in four (4) meters horizontal.  Optimum desired slope for site grading is 2-percent.  
Minimum slope is 1.0-percent. 

3. Storm Drainage Design.  New site drainage shall maintain predominant existing drainage 
patterns.  Building site is not located within the 100-year floodplain.  Storm drainage 
calculations, including runoff from adjacent properties, and discharge volume shall be 
based on a 10-year storm event.  Additional ditches and culverts shall be provided on the 
site as necessary for positive drainage.  Areas experiencing consolidated flow, roof drain 
outlets, roof drip lines, parking lots, drainage swales, etc. shall be designed with features 
to prevent erosion.  Use of culverts should be minimized to avoid stoppage of flow due to 
ice damming and glaciation.  If culverts are used, they should be oversized and/or means 
of thawing shall be provided. 
a) Existing Drainage System.  The Base storm drainage system is comprised of 

open grass lined ditches and culverts.  Percolation ponds or infiltration trenches 
may be considered on the south side of the new facility for control of surface 
runoff. 

b) Special care shall be taken to prevent ponding near Arctic Warrior Drive due to 
drainage and runoff changes caused by this project. 

c) Contaminated Water.  The design shall provide for collection and treatment of 
runoff from snow storage areas and from paved areas.  The major concern is 
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vehicular oils and sediment load.  The design shall include calculations and 
references' showing the method of treatment provided is adequate. 

d) Construction Period.  Runoff from within the project boundaries, during 
construction of the project, shall be the responsibility of the Contractor, including 
all NPDES permits (as necessary) or requirements.  Silt laden or other 
environmental degrading waters shall be collected and treated prior to discharge 
from the project site to existing drainage system. 

e) Preferred Methods.  The preferred method of handling rain and snowmelt is 
overland gravity flow to grassy swales and collection ditches for filtering.  The 
preferred method of treating runoff from parking lots and snow storage areas is 
allowing flow through grassy areas (land treatment).  Runoff from roof drains and 
gutter collections systems must be directed away from buildings without causing 
winter glaciating or erosion.  Insulated and heat traced drain lines may be 
required to direct runoff away from the building. 

f) Storm water Pollution Prevention Plan.  Contractor shall prepare and submit to 
ADEC and the Contracting Officer for review a SWPPP and conduct all 
construction activities in accordance with the approved plan.  The plan shall, as a 
minimum, include the following items: methods for clearing/grubbing, temporary 
erosion and sediment control measures, Best Management Practices (BMP’s) 
on-site, excavation/embankment construction, temporary and permanent 
drainage features, haul roads/material stockpile sites, construction in and around 
water bodies/existing drainage features, containment control, cleanup and 
disposal methods of petroleum products or other hazardous substances 
generated by construction equipment or activities.  The plan shall also address 
BMP’s for post-construction activities and operation of the facility.  Contractor is 
responsible for all fees associated with the NPDES, SWPPP, and ADEC review 
and permits. 

2.3.14 Vehicular and Aircraft Traffic Systems 

A. General Design.  Includes access roadways, parking areas, “Modified Tow-way”, and aircraft 
apron, taxi ways, and maneuvering areas.  The Contractor shall layout traffic improvements to 
be functional to the users, with strong emphasis on safety.  Traffic systems shall be designed 
and constructed to the provisions of MIL HDBK-1190, and to provide accessibility for the 
handicapped in accordance with Uniform Federal Accessibility Standards.  The geometric 
layout and pavement section of each type pavement or traffic system shall be designed in 
accordance with AFH 32-1084, UFC 3-260-01, UFC 3-260-02, UFC 3-250-01, UFC 3-250-02, 
UFC 3-250-03, UFC 3-260-2, TM 5-822-2, TM 5-822-5, TM 5-825-1.   
1. All paving areas shall be cleared and stripped to clean material that is free of organic 

materials and other debris.  The pavement section for access roads shall be designed in 
accordance with TM 5-822-5. 

2. Asphalt Surfacing.  All roadways, circulation areas, “Modified Tow-way”, and aircraft 
maneuvering areas shall be asphalt surfaced.  Pavement structural section for aircraft 
shall be designed for Medium Load, Type A airfield pavements per AFH 32-1084.  All 
materials used in AC Pavement, PCC Pavement, and PCC sidewalk shall conform to the 
requirements of applicable AFM, TM, and UFC requirements.  Layer thickness shall be 
according to the geotechnical design, however, the thickness of the base course layer 
shall be no less than 150-mm and the thickness of asphalt layer shall be no less than 
50-mm in non-aircraft traffic areas.  In aircraft traffic areas, minimum base thickness shall 
be 150-mm and the minimum thickness of asphalt layer shall be 100-mm.  Base course 
material shall have less than 3% fines smaller than 0.02-mm.  Asphalt concrete mix 
design shall comply with EAFB standards for gradation, SBS asphalt content and 
aggregate fracture count. 
a) New aircraft “Modified Tow-way” from south end of north-south runway shall align 

with southern most cross over to the south ramp, identified on the site plan as 
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T/W 'D3'.  New “Modified Tow-way” shall be designed and constructed to the 
geometric requirements for a "Tow Way" per UFC 3-260-01 EXCEPT minimum 
paved width shall be 23-m.  Full structural pavement section shall be provided for 
the 23-m paved width. 

b) The intent of the design and construction of the “Modified Tow-way” for this 
project is to be able to add paved shoulders in the future and have a usable 
taxiway without having to modify the pavement, base, subbase or subgrade of 
the “Modified Tow-way” . 

3. Concrete Surfacing.  All aircraft apron and parking areas, including hangar floor, shall be 
reinforced or plain concrete.  Pavement structural section for aircraft shall be designed for 
Medium Load, Type A airfield pavements per AFH 32-1084.  All materials used in 
reinforced concrete pavements shall conform to the requirements of applicable AFM, TM, 
and UFC requirements.  Layer thickness shall be according to the geotechnical design, 
however, the thickness of concrete section shall be no less than 225-mm in aircraft apron 
and parking areas.  Base course material shall have less than 3% fines smaller than 
0.02-mm. 

4. Emergency vehicle and fire truck access shall be provided on all sides of the facility.  
Access surface shall be paved with asphalt concrete, minimum 6.1-m wide and shall 
accommodate a fire truck with a 12.2-m turning radius. 

5. Transverse Gradients.  Roads and parking areas shall have gradients in accordance with 
TM 5-822-2 and TM 5-822-5.  Gradients shall not exceed a maximum 3.0-percent slope 
due to winter ice conditions and in no case be less than 0.5-percent, to avoid ponding.  
Grades for aprons, taxiways, and modified tow ways shall be in accordance with 
applicable Air Force design manuals. 

6. Pavement Markings.  Pavement shall be marked according to ETL 94-01 and ETL 97-18 
for aircraft maneuvering.  Minimum markings shall be provided for pavement edges, hold 
short line and centerline maneuvering for F-15 and F-22 aircraft.  Pavement marking 
material shall conform to Corps of Engineering standards.   

7. Snow Removal and Storage.  Snow removal and convenient storage shall be considered 
in the design and layout of all roadways, parking and sidewalks.  Snow removed from 
access roadways, parking lots, airfield pavements, and sidewalks shall be stored on site.  
Grader and front -end loaders are used to remove snow.  Snow storage shall be 
convenient to the removal area without excessive haul distances.  Provide adequate 
storage for a heavy snow year assuming a maximum seasonal snow depth of 2-meters 
on all streets, driveways, walks, and parking lots. 

2.3.15 Pedestrian Traffic Systems 

A. Design and geometric layout shall be in accordance with TM 5-822-2.  Facility shall provide 
accessibility for the handicapped in accordance with Uniform Federal Accessibility Standards.  
Provide concrete sidewalks for access to the buildings.  Consider both vehicular and pedestrian 
circulation in design of pedestrian traffic systems. 
1. Sidewalks.  Concrete sidewalks shall extend from all building entrances nearest vehicle 

access area.  Sidewalks shall be a minimum of 1525-mm wide except where 
handicapped access requirements dictate greater width.  Transverse slope of sidewalks 
shall be 2.0-percent minimums and 3.0-percent maximum, except where requirements for 
handicapped access govern.  

2. Handicap Access.  See architectural Part 2.4 for accessibility requirements. 

2.3.16 Utility System 

A. Before beginning work, the Cont ractor shall become familiar with all existing utility systems, to 
verify the location of existing utilities and other information shown on Appendix drawings.  The 
Contractor is responsible for supplementing government provided information as necessary to 
design and construct new work. 
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B. All utilities shall be designed and constructed in accordance with EAFB standards and the 
criteria contained herein.  Electric power lines and communication cables shall be installed 
according to the Electrical Design Criteria.  The materials and equipment to be furnished under 
this specification shall be the standard product of the manufacturer.  Where two or more units of 
the same item, type, or class of equipment are supplied, these units shall be from a single 
manufacturer. 

C. The Contractor shall notify the Contracting Officer before a utility tie-in is required.  See 
Appendix 14 for EAFB REQUIREMENTS for utility outages.  The notification shall be made a 
minimum of 10-days before tapping the line.  Utility system shutdown(s) for tapping/tie-in(s) 
shall be made within a four (4) hour planned utility outage.  The Contractor shall submit a work 
plan for utility tie-in/tap work prior to beginning the specified utility work.  Connections between 
new work and existing utility mains shall be made with standard fittings, specials, using 
methods for on-site conditions and Manufacturers recommendations.  The Contracting Officer 
shall approve the method of constructing connections under pressure before work begins.  
Contractor shall make provisions to provide temporary utilities to all facilities affected by 
outages longer than four (4) hours in duration. 

D. The Contractor shall design the piping system with pipe anchors, thrust restraint, and provisions 
for expansion/contraction..  The Contractor shall fully design these items, determining the 
number needed and the location of each. 

E. It is the Contractor's responsibility to design and construct all new mainline extensions and utility 
services for the new buildings. 

F. In addition to NPDES/Temporary Erosion and Pollution Control requirements, as specified 
herein, various elements of Post utility work may require ADEC review(s) and/or approval(s) in 
accordance with 18 AAC 80 and 18 AAC 72.  If required, per the scope of the project 
improvements, Contractor shall confirm ADEC approval/permit requirements; submit and obtain 
all necessary ADEC approvals prior to beginning any work.  As a minimum, ADEC permits may 
be required for the water and sewer utility installation. 

2.3.17 Utilities (Sewer, Water and Gas) 

A. General:  The Contractor shall notify the Contracting Officer before a utility tie-in is required.  
The notification shall be a minimum of 10 days prior to tapping the line.  All utility connections 
shall be coordinated through the Contracting Officer. 

B. Contractor’s Responsibility:  It is the Contractor’s responsibility to confirm the specific locations 
of the existing utilities and to design and construct new utility services to provide water supply, 
including the fire protection requirements, sanitary sewage and natural gas for the new building.  
The water and sewage systems shall be designed and constructed in accordance with the 
criteria contained herein and shall also conform to Alaska Department of Environmental 
Conservation (ADEC) requirements, as applicable. 

C. Utility Lines:  All utility lines installed shall have a plastic marker tape (minimum 150-mm wide by 
0.1-mm installed 200-250-mm below grade).  The plastic marker tape shall include a metallic 
wire for detection purposes and shall bear a continuous printed inscription describing the type 
of utility line buried below. 

D. Sanitary Sewer:  
1. Sanitary Sewer design, construction and leakage testing shall conform to the National 

Standard Plumbing Code.  Pipe materials and joints shall conform to the applicable 
ASTM, ANSI or other Standard as appropriate. 
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2. The Contractor shall provide a new sewer line from the building to an existing sewer 
main.  The nearest sewer line is located on the east side of Vandenberg Avenue.   

3. The Contractor shall verify inverts and capacities.  The existing lift station in Vandenberg 
Avenue is assumed to have the capacity to handle the increased flow from this facility.   

4. Routing of the new line and locations of required appurtenances shall be designed by the 
Contractor and approved by Alaska Department of Environmental Conservation (ADEC) 
and the Contracting Officer (CO). 

5. The gravity sewer laterals shall be minimum 150-mm with a minimum slope of 0.6 
percent.  Manholes shall be placed at all angles and intersections.  Manholes shall not be 
located in the roadways or parking lots, but in areas that are readily accessible for 
operation and maintenance purposes.  All sanitary sewers shall be straight alignment 
between manholes. 

6. If a pressure force-main sewer line is required, minimum 100-mm line shall be used.  
Clean-outs shall be installed on the pressure line at 90-m spacing.  Coordinate with 
mechanical section 2.6.8. 

7. The Contractor shall coordinate all work on existing sanitary sewer lines with the 
Contracting Officer (CO). 

8. Maintain minimum flow velocity of 610-mm per second for average flow.  
9. All sewer pipe shall be High Density Polyethylene (HDPE) and protected from freezing.  

All sewer lines less than 2.7 meters deep shall receive adequate pipe insulation to 
prevent freezing.  Pressure force-mains shall be buried 3.05-m. 

E. Water Distribution 
1. Water distribution shall be designed and constructed in accordance with local standards 

and codes.  The mains shall be designed and installed in accordance with NFPA 24 and 
applicable AWWA Standards.  The service lines shall be designed in accordance with the 
National Plumbing Code and applicable AWWA Standards.  A tee and gate valve shall be 
installed at the point of connection to the main.  Mains and piping shall be disinfected in 
accordance with AWWA Manual C-651. 

2. Replace approximately 85-m of existing 300-mm cast iron water line where the existing 
line crosses under the new “Modified Tow-way” alignment with new 300-mm ductile iron 
water line.  Center new water line section on center of “Modified Tow-way”.  Existing cast 
iron pipe uses lead joints. 

3. Water distribution shall be of adequate size to provide adequate quantity at sufficient 
pressure of potable water to satisfy both facility domestic and fire flow requirements.  
Water demand shall be in accordance with MIL-HDBK-1008C and local standards and 
codes. 

4. Facility pressure shall be a minimum of 1.4 kPa.  System design shall provide a minimum 
residual pressure of 1.4 kPa at each fire hydrant.  Water main shall be of appropriate 
capacity to provide the required fire flow and duration.  Contractor to verify availability of 
water pressure and flow before designing water distribution system. 

5. All plugs, caps, tees, bends, and hydrants on water mains and hydrant laterals shall be 
provided with reaction backing or movement prevented by attaching metal tie rods or 
clamps. 

6. Water mains and services shall be separate from parallel sanitary sewers by 3 meters, 
center to center.  If water line and sanitary sewer cross, sewer pipe shall be concrete-
encased 3 meters on each side of crossing. 

7. Water lines shall have a minimum cover of 3 meters.  Service lines shall be protected 
from freezing.  All water lines, service and fire protection, shall enter the building from 
below the foundation and slab.  No entry from outside of the building above grade is 
allowed.  Water lines under the building must be ductile iron with restrained joints.  
“Megalug” joints are not allowed.  Transition from HDPE to ductile iron shall be made at 
the 1.5m line from the building.  AM#16…Water lines shall enter the building below the 
foundation line and shall be located within concrete trenches or concrete pits as required 
by ETL 02-15. …AM#16 
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8. All water lines shall be HDPE (except for the replacement line under the new “Modified 
Tow-way”) and protected from freezing.   

9. Provide an indicator post with lockable handle for the valve on the supply line to the 
building.  The valve with the designation “PIV” shall be equipped with indicator post 
conforming to the requirements of NFPA 24.  Operation shall be by a wrench, which will 
be attached to each post.  The post indicator valve shall be no closer than 12 meters to 
the building.  Protect PIV with bollards. 

10.  Conductive Tracer Wire:  Where polyethylene pipe is installed, a copper tracer wire (No. 
8 stranded copper wire with insulation) shall be installed on the new pipe to later permit 
use of locating devices.  The conductive wire shall be looped around the pipe every 3 
meters, and securely taped to pipe every 3 meters.  Where the tracer wire exits the 
ground next to a valve box or fire hydrant, the tracer wire shall be attached to the valve 
box or the hydrant using a 316 stainless steel band.  Tracer wire shall be tested for 
continuity and approved before acceptance. 

F. Natural Gas Distribution:   
1. Underground natural gas piping shall be HDPE Drisco 8000 only, to be compatible with 

existing Base piping.  Connect to the existing HDPE 150-mm line along Vandenberg 
Avenue with a hot tap and install an isolation valve.  Mainline pressure is 410 kPa.   

2. All gas piping and equipment shall be installed in conformance with manufacturer’s 
recommendations and applicable sections of ASME B31.8, AGA Manual and 49 CFR 192 

3. Steel pipe riser shall be used to transition from underground piping to above ground.  All 
steel pipe shall have a thermoplastic resin protective coating. 

4. Gas pipe shall be sleeved under all roads, railroads, taxiways and paved areas.  Sand 
bedding or suitable pipe support shall be provided for gas pipe through the sleeve. 

5. Conductive Tracer Wire:  Where polyethylene pipe is installed, a copper tracer wire (No. 
8 stranded copper wire with insulation) shall be installed on the new pipe to later permit 
use of locating devices.  The conductive wire shall be looped around the pipe every 3 
meters, and securely taped to pipe every 3 meters.  Where the tracer wire exits the 
ground next to a valve box or fire hydrant, the tracer wire shall be attached to the valve 
box or the hydrant using a 316 stainless steel band.  Tracer wire shall be tested for 
continuity and approved before acceptance. 

6. Valves shall only be located in valve boxes or inside buildings. 
7. Provide all fittings, valves, meters, regulators and other required equipment for a 

complete and usable system. 

2.3.18 Miscellaneous 

A. Dumpster Storage Area.  Provide a screened, concrete, central dumpster storage pad with 
adequate room for truck access.  Dumpster pad shall be reinforced concrete sized for one (1) 
standard size dumpster of the type used at the Base and adequate room for access of the 
dumpster loading truck.  At a minimum, screening shall be chain link fencing with privacy slats.  
Privacy slats shall be Sorrel Brown in color.  Vehicle access to the pad shall be designed for a 
standard garbage truck and shall be asphalt surfaced as described for roads and parking lots.  
Dumpster storage area shall be located a minimum of 25m from any building.  

B. Electrical Transformer Pad.  The electrical service pad mounted transformer is to be screened 
with an architectural screen that blends aesthetically with the facility.  A chain link gate with 
vertical slats for visual screening shall provide maintenance access.  Transformer and privacy 
slats shall be painted Sorrel Brown.  The transformer shall be located a minimum of 10-m from 
the building per force protection requirements. 

C. Signs.  Provide street and building signs in accordance with AFP 32-1097 and Base standards.  
Provide building and parking area identification signs at all buildings. 
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2.3.19 Government Betterments 

A. The Government-Proposed Betterments listed in 01010 Part 1.5 shall conform to the criteria 
outlined above. 

2.3.20 D/B Contractor-Proposed Betterments 

A. All D/B Contractor-Proposed Betterments shall conform to the performance criteria outlined 
above. 

2.3.21 Prohibited Items 

A. Prohibited items shall be those that do not meet the minimum requirements already listed.
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PART 2 MINIMUM DESIGN CRITERIA 

2.4 ARCHITECTURAL DESIGN CRITERIA 

2.4.1 Building Design and Building Systems – General 

A. Construction Summary – the D/B contractor is responsible for preparing a building code study 
that supports the design criteria and the proposed building design in full compliance with the 
codes and standards referenced in this RFP.  In case of conflicting requirements, ETL-01-2 
supercedes MIL HDBK 1008C; MIL HDBK 1008C supercedes the 2000 International Building 
Code (IBC). 
1. Construction Type – IBC Type II-B Sprinklered, minimum 
2. Occupancy – H-3 (Hangar Space), B (Offices) 

a) 2-hour occupancy separation per IBC Table 302.3.3 and note “a”. 
3. Table 503 – Allowable Building Heights and Areas:  maximum height - 3-stories, 16.76 

meters (55’); maximum area - 1300 square meters (14,000 square feet). 
a) Height modification per exception in paragraph 504.1 - Unlimited height for 

sprinklered single-story aircraft hangar buildings. 
b) Area modifications per Sections 506 and 507. 

4. Table 601 – Types of Construction and Fire Resistive Requirements:  exterior bearing 
walls, interior bearing walls, non-bearing exterior walls, structural frame, permanent 
partitions, floors and floor ceilings, roofs and roof ceilings – no requirement. 

5. Mezzanines per Section 505. 
6. Design wind load – 45 meters/second, exposure “C”. 
7. Roof system shall meet Factory Mutual I-90 Wind Uplift Standards for wind speeds up to 

160 kph (100 mph). 
8. NFPA 101 Section 40.6.2 – maximum travel distance to nearest exit is 30.5 meters 

(100’).  Section 40.6.3 – maximum distance to means of egress from mezzanine floor is 
75 feet.  Section 40.6.4 – prohibits dead-end corridors in hazardous use spaces. 

9. AM#16... ETL 02-15 ...AM#16 – Blast Protection Wall – between Maintenance Bay and 
support areas, one-hour fire rated construction and 45-minute fire rated door and window 
openings. 

B. Anti-Terrorism Standards Summary - see paragraph 1.3.2.C for requirements. 

C. Summary of Clearance Requirements and Quantity Distances (QD) for Permanent Structures; 
see Appendix documents for detailed requirements: 
1. Q/D Arc at Hardstands – 45.72 meters (150 feet) to any permanent structure. 
2. Q/D Arc from Future Development to the North – 410 meters (1,250 feet) for aircraft 

carrying explosive munitions:  window glazing on the north elevation of the new Hangar 
shall be kept to the minimum required for building functionality. 
a) Any glazing facing north shall comply with AFMAN 91-201 paragraphs 4.17.8 

and 4.31. 
3. Fire Lane Access – 6.1 meters (20’-0”) wide all sides of building 
4. Modified Tow-Way Centerline Clearance to Building – 19.05 meters (62.5 feet); Hangar 

may be positioned at the edge of the 38.1 meters (125 feet) wide modified tow-way. 
5. Maintenance Bay operation, structural clearances, and required door clearances shall 

accommodate F-22 and F-15 aircraft inside the Maintenance Bay.  Structural elements 
and building mounted equipment shall not encroach on required clearances. 
a) See clearance diagram attached to Maintenance Bay room criteria sheet. 
b) Hangar aircraft doors shall allow 3050 mm (10’) wing-tip clearance, and 1525mm 

(5’) vertical clearance:  F-22/F-15 aircraft door clear opening shall be 7.92 meters 
(26’-0”) high, 19.66 meters (64.5’ feet) wide. 
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2.4.2 Summary of Functional Building Requirements – see Technical Requirements, Appendices, and 
Room Criteria Sheets for more detailed information. 

A. Offerors are not constrained in the physical arrangement of the (3) Maintenance Bays plus the 
future expansion 4th Maintenance Bay.  Room Criteria Sheets in SECTION 01010 Part 3 detail 
the specific requirements for all areas. 
1. The 3rd CRS has no preference on how aircraft are towed into the building, i.e., “nose-in” 

versus “tail-in”.  The “nose-in” configuration requires an exit for the tug vehicle at the rear 
of the Maintenance Bay. 

2. Up to two Maintenance Bays may be served by one aircraft door; building design shall 
address excessive heat loss caused by oversize doors. 

3. The Option 2 Hardstands shall not be positioned directly in front of the Maintenance Bay 
doors, allowing emergency aircraft evacuation without obstruction.  The hardstands might 
best be located across the Tow-way from the Hangar. 

4. Spaces not used by the 3rd CRS crew such as:  Fire Pump/Foam Storage, Boiler Room, 
Generator Room, Electrical Room may be co-located and positioned away from the office 
spaces with separate access. 

5. The Office/Dispatch functions must have good visibility to all Maintenance Bays, 2nd floor 
location is acceptable. 

B. Provide paved area under building eave or with a canopy to shelter service vehicles such as: 
servicing carts, snow plows, bobcat.  Overall size shall be 65 square meters (700 square feet) 
and 3350 mm high (11’-0”) clearance.  See picture of current exterior storage at Hangar 10 in 
Appendix 5 which illustrates an acceptable solution. 

C. The Main Entrance to the facility must comply with the Elmendorf AFB Architectural 
Compatibility Study, dated November, 2001; see Appendix 3. 

D. Mezzanine space in Maintenance Bays above utility spaces and office spaces may be utilized 
for storage, equipment access, or staffed supervision areas: 
1. Floor/Ceiling assembly creates a lid on the B-occupancy support spaces, and shall be 

part of the 1-hour rated occupancy separation between B and H-3 occupancies.  
Assembly shall include steel deck with concrete fill to achieve blast resistance. 

2. Ceiling framing shall be sized for storage use and surfaced for foot traffic.  Design 
floor/ceiling for future upper level office space.  When constructed for occupancy, future 
office space will be separated from the Maintenance Bay by a 1-hour rated blast 
protection masonry wall extending to the roof deck. 

3. Provide steel Mezzanine access stair with slip resistant treads. 

E. Acoustical design of building walls and partitions will meet or exceed the minimum criteria 
defined in the Room Criteria Sheets area for all program areas. FIIC 57 (Field Impact Isolation 
Class), and FSTC 52 (Field Sound Transmission Class).  Telephone, cable, outlets, ducts, and 
any other penetrations must not compromise acoustical integrity of wall assemblies.  Offerors 
are encouraged to use acoustical and space planning to minimize intrusive exterior noise, 
equipment vibration, and noise transfer to office functions where possible. 

F. Natural lighting shall be designed to enhance occupied interior spaces.  The Hangar functions 
will benefit from additional visibility that daylight delivers.  Space planning shall address delivery 
of daylight to circulation and staff areas.  Operable windows in staffed areas are preferred over 
fixed pane units. 

G. Concrete-filled pipe bollards are required to protect building corners, openings, exterior 
equipment, and doors from vehicle traffic. 

2.4.3 References and Standards: 



    
NEW FUEL SYSTEMS MAINTENANCE HANGAR ELM179      
DACA85-02-R-0009, AMENDMENT R0016 
 

 SECTION 01010 Page 38 

A. The publications listed below form the standards of material and workmanship in construction.  
Refer to each discipline for additional references.  The most stringent shall govern when 
discrepancies occur. 
1. AAMA American Architectural Manufacturer’s Association Guide Specifications Manual 

a) 608-1977 Methods for Electrolytically Deposited Color Anodic Finishes 
b) 1503 Method for Thermal Transmittance and Condensation Resistance of 

Windows, Doors, and Glazed Wall Sections 
2. AATCC American Association of Textile Chemists and Colorists 

a) 134-1996 Electrostatic Propensity of Carpets 
3. ADAAG American Disabilities Act Accessibility Guidelines 
4. AISC American Institute of Steel Construction 

a) Specifications for Structural Steel Buildings 
b) S334L-1993 Metric Load and Resistance Factor Design 
c) S335-1989  Specification for Structural Steel Buildings 
d) Allowable Stress Design, Plastic Design 

5. AISI American Iron and Steel Institute 
a) 1996 – Cold-Formed Specification and Commentary for the Design of Cold-

Formed Steel Structural Members 
b) 1996 – Cold-Formed Steel Design Manual 

6. ANSI American National Standards Institute 
a) A 151.1 Test Procedure and Acceptance Criteria for Physical Endurance 
b) A 208.1 1999  Particleboard Material Formed Woods 
c) A 224.1  Test Procedure and Acceptance Criteria for Prime Painted Steel 

Surface for Steel Doors and Frames 
d) A 250.8 – 1998  Recommended Specifications for Standard Steel Doors and 

Frames 
e) Z 97.1 – 1984 (1994) Safety Performance Specifications and Methods of Test for 

Safety Glazing Material Used in Buildings 
7. ANSI/AWS D 1.4 – 1992  Welding Reinforcing Steel, Metal Inserts and Connections in 

Reinforced Concrete Construction; Structural Welding Code – Reinforcing Steel 
8. ASTM American Society for Testing and Materials 

a) A 36M – 2000  Standard Specification for Structural Carbon Steel 
b) A 53M – 1996  Standard Specification for Pipe, Steel, Black and Hot-Dipped, 

Zinc-Coated, Welded and Seamless 
c) A 123M – 2000  Standard Specification for Zi nc (Hot Dipped Galvanized) 

Coatings on Iron and Steel Products 
d) A 153M – 1982 (R 1987)  Standard Specification for Zinc Coating (Hot-Dip) on 

Iron and Steel Hardware 
e) A 167 – 1999  Standard Specification for Stainless and Heat-Resisting 

Chromium-Nickel Steel Plate, Sheet, and Strip 
f) A 307 – 1988  Steel Bolts and Studs, 60,000psi Tensile Strength 
g) A 325 – 2000  Standard Specification for Structural Bolts, Steel, Heat Treated, 

120/105 KSI Minimum Tensile Strength 
h) A 463/A 463M  Standard Specification for Steel Sheet, Aluminum Coated, by the 

Hot-Dip Process 
i) A 500 – 1999  Standard Specification for Cold-Formed Welded and Seamless 

Carbon Steel Structural Tubing in Rounds and Shapes 
j) A 570M – 1998  Standard Specification for Steel, Sheet and Strip, Carbon, Hot-

Rolled, Structural Quality 
k) A 653M – 2000  Zinc -Iron Alloy (galvannealed) by the Hot-Dip Process 
l) A 792M  Steel Sheet, 55% Aluminum-Zinc Alloy-Coated by the Hot-Dip Process, 

General Requirements for 
m) A 924M  Specification for General Requirements for Steel Sheet,Metallic-Coated by the Hot -Dip Process
n) B 117  Standard Practice for Operating Salt Spray (Fog) Apparatus 
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o) B 221  Standard Specification for Aluminum-Alloy Extruded Bars, Rods, Wire, 
Profiles, and Tubes (Metric) 

p) C 33  Concrete Aggregate 
q) C 36M – 1999  Gypsum Wallboard 
r) C 79M – 2000  Treated Core and Nontreated Core Gypsum Sheathing Board 
s) C 109M – 1999  Compressive Strength of Hydraulic Dement Mortars 
t) C 144 – 1999  Standard Specification for Aggregate for Masonry Mortar 
u) C 150 – Standard for Portland Cement 
v) C 215  Standard Test Method for Fundamental Transverse, Longitudinal, and 

Torsional Frequencies of Concrete Specimens 
w) C 236  Steady-State Thermal Performance of Building Assemblies by Means of A 

Guarded Hot Box 
x) C 272  Standard Test Method for Water Absorption of Core Materials for 

Structural Sandwich Construction 
y) C 348  Test Method for Flexural Strength of Hydraulic Cement Mortars 
z) C 474 – 1997  Joint Treatment Materials for Gypsum Board Construction 
aa) C 475 – 1994  Gypsum Wallboard Joint Compound and Joint Tape for Finishing 

Gypsum Board 
bb) C 494M  Chemical Admixtures for Concrete 
cc) C 518  Standard Test Method for Steady-State Heat Flux Measurements and 

Thermal Transmission Properties by Means of the Heat Flow Meter Apparatus 
dd) C 531  Linear Shrinkage and Coefficient of Thermal Expansion of Chemical-

Resistant Mortars, Grouts, and Monolithic Surfacings and Polymer Concretes 
ee) C 578  Specification for Rigid, Cellular Polystyrene Thermal Insulation 
ff) C 630 – 2000  Water-resistant Gypsum Backing Board 
gg) C 635 - 2000  Manufacture, Performance, and Testing of Metal Suspension 

Systems for Acoustical Tile and for Lay-in Panel Ceilings 
hh) C 636-96  Standard Installation of Metal Suspension Systems for Acoustical Tile 

and Lay-in Panel Ceilings 
ii) C 834 – 2000 Specification for Latex Sealants 
jj) C 840  Standard Specification for Application and Finishing of Gypsum Board 
kk) C 882  Standard Test Method for Bond Strength of Epoxy-Resin Systems Used 

with Concrete by Slant Shear 
ll) C 920 – 1998 Standard Specification for Elastomeric Joint Sealants 
mm) C 1028  Determining the Static Coefficient of Friction of Ceramic Tile and Other 

Like Surfaces by the Horizontal Dynamometer Pull-Meter Method 
nn) C 1036 – 1992 (1997)  Standard Specification for Flat Glass 
oo) C 1047  Specification for Accessories for Gypsum Wallboard and Gypsum 

Veneer Base 
pp) C 1107 - 1999 Specification for Non-shrink Grout 
qq) C 1172  Standard Specification for Laminated Architectural Flat Glass 
rr) D 226 – 1997a  Standard Specification for Asphalt-Saturated Organic Felt Used 

in Roofing and Waterproofing 
ss) D 522  Mandrel Bend Test of Attached Organic Coatings 
tt) D 822  Conducting Tests on Paint and elated Coatings and Materials Using 

Filtered open-Flame Carbon-Arc Exposure Apparatus 
uu) D 968  Abrasion Resistance of Organic Coatings by Falling Abrasive 
vv)  D 1211  Standard Test Method for Temperature-Change Resistance of Clear 

Nitrocellulose Lacquer Films Applied to Wood 
ww) D 1308  Standard Test Method for Effect of Household Chemicals on Clear and 

Pigmented Organic Finishes 
xx) D 2247  Practice for testing Water Resistance of Coatings in 100% Relative 

Humidity 
yy) D 2794  Test Method for Resistance of Organic Coatings to the Effects of Rapid 

Deformation (Impact) 
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zz) D 2842  Standard Test Method for Water Absorption of Rigid Cellular Plastics 
aaa) D 2843 – 1999  Standard Test Method for Measuring the Density of Smoke from 

the Burning or Decomposition of Plastic 
bbb) D 3273  Test Method for Resistance to Growth of Mold on the Surface of Interior 

Coatings in an Environment Chamber 
ccc) D 3363  Test Method for Film Hardness by Pencil Test 
ddd) D 4397  Polyethylene Sheeting for Construction, Industrial, and Agricultural 

Applications 
eee) D 4637  EPDM Sheet Used in Single-Ply Roof Membrane 
fff) E 84 – 2000a  Standard Test Method for Surface-Burning Characteristics of 

Building Materials 
ggg) E 90 – 1999  Laboratory Measurement of Airborne Sound Transmission Class 

(STC) Loss of Building Partitions 
hhh) E 108  Standard Tests Method for Fire Tests of Roof Coverings 
iii) E 119 – 2000  Standard methods for Fire Tests of Building Construction and 

Material 
jjj) E 283  Test Method for Determining the Rate of Air Leakage through Exterior 

Window, Curtain Walls, and Doors under Specified Pressure Differences Across 
the Specimen 

kkk) E 330  Standard Test Method for Structural Performance of Exterior Window, 
Curtain Walls, and Doors by Uniform Static Air Pressure Difference 

lll) E 331  Standard Test Method for Water Penetration of Exterior Windows, Curtain 
Walls, and Doors by Uniform Static Air Pressure Difference 

mmm) E 336 – 1997  Method for Measurement of Airborne Sound Insulation in Buildings 
nnn) E 413 – 1987 (1999)  Rating Sound Insulation 
ooo) E 648  Standard Test Method for Critical Radiant Flux of Floor Covering Systems 

Using a Radiant Heat Energy Source 
ppp) E 662  Test Method for Specific Optical Density of Smoke Generated by Solid 

Materials 
qqq) E 773  Standard Test Method for Accelerated Weathering of Sealed Insulating 

Glass Units 
rrr) E 774  Standard Specification for the Classification of the Durability of Sealed 

Insulating Glass Units 
sss) E 814 – 2000  Method for Fire Tests of Through-Penetration Fire Stops 
ttt) E 1264  Standard Classification for Acoustical Ceiling Products 
uuu) F 476 – 1984  Test Methods for Security of Swinging Door Assemblies 
vvv) F 1303  Standard Specification for Sheet Vinyl Floor Covering with Backing 
www) F 1861 – 1998  Standard Specification for Resilient Wall Base 
xxx) G 23  Practice for Operating Light-Exposure Apparatus (Carbon-Arc Type) with 

and without Water for Exposure of Mon-metallic Materials 
9. AWI Architectural Woodwork Institute - Architectural Woodwork Quality Standards 
10.  AWS American Welding Society 

a) A5.1 – 1991  Specification for Carbon Steel Electrodes for Shielded Metal Arc 
Welding 

b) D1.1 – 1988  Structural Welding Code Steel 
c) WHB-01 – 1987  Welding Handbook, Volumes 1 thru 5 (8th Edition) 

11.  BHMA Builders Hardware Manufacturers Association 
a) A 156.4  Door Controls and Closers 
b) A 156.6  Architectural Door Trim 

12.  CFR Code of Federal Regulations 
a) 29 Part 1926  Safety and Health Regulations for Construction 
b) 29 Part 1926  Subpart C – General Safety and Health Provisions 
c) 29 Part 1926  Subpart T – Demolition 
d) 16 CFR Part 1201  Safety Glazing Safety Standard for Architectural Glazing 

Materials 
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e) 49 CFR 101-19.6  Uniform Federal Accessibility Standards 
13.  CISCA Ceiling and Interior Systems Construction Association - Acoustical Ceilings Use and Practice 
14.  COE  Corps of Engineers 
15.  CRI   Carpet and Rug Institute 

a) Carpet Specifiers Handbook 
b) Standard for Installation of Textile Floor Covering Materials 

16.  DOD - Department of Defense Specifications 
a) DOD-P-21035 (Rev. B) Paint, High Zinc Dust Content, Galvanizing Repair 

(Metric) 
17.  GANA Glass Association of America Energy Standards Manual 

a) Glazing Manual 
b) Sealing Manual 

18.  GA Gypsum Association 
a) GA 201 – 1985  Gypsum Board for Walls and Ceilings 
b) GA 216 – 2000  Application and Finishing of Gypsum Board 
c) GA 600 – 1997  Fire-Resistance Design Manual 

19.  GSA General Services Administration 
a) CID A A 50542  Coating System:  Reflective Slip-Resistant Chemical-Resistant 

Urethane for Maintenance Facility Floors 
20.  MIL Military Specifications (require waiver) 

a) C-18480 (Rev. B, Notice 1) Coating Compound, Bituminous, Solvent, Coal-Tar 
Base 

b) D-3134 (Rev. J) Deck Covering Materials 
21.  NAAMM National Association of Architectural Metal Manufacturers 

a) NAAMM 500 Metal Finishes Manual for Architectural and Metal Products 
22.  NEMA National Electrical Manufacturers Association 

a) LD3 – 1995  High Pressure Decorative Laminates 
b) LD3.1 – 1995  Performance, Application, Fabrication, and Installation of High 

Pressure Decorative Laminates 
23.  NFPA National Fire Protection Association 

a) NFPA 80 – 1999  Fire Doors and fire Windows 
b) NFPA 101  2000 Life Safety Code 

24.  NRCA National Roofing Contractors Association 
a) Low Slope Roofing Materials Guide 

25.  SIGMA Sealed Insulating Glass Manufacturers Association Recommended Practices 
26.  SJISteel Joist Institute Specifications, Load Tables, and Weight Tables for Steel Joist Girders 
27.  SMACNA  Sheet Metal and Air Conditioning Contractors’ National Assoc. Architectural 

Sheet Metal Manual 
28.  SPC The Society for Protective Coatings 

a) SP5 – 1994  White Metal Blast Cleaning 
b) SP6 – 1994  Commercial Blast Cleaning 

29.  TCA Tile Council of America – Standards 
30.  TM Technical Manual – Army Publication Distribution Center 
31.  IBC International Building Code 
32.  UFC 2-600-1 
33.  UL Underwriters Laboratories 

a) 10B – 1997  Fire Tests of Door Assemblies 
b) 305 – 1995  Panic Hardware 
c) 723 – 1996 (rev thru Dec. 1998)  Test for Surface Burning Characteristics of 

Building Materials 
d) 790 – 1997 (rev thru July 1998)  Tests for Fire Resistance of Roof Covering 

Materials 
e) Outline Test Method for Measuring the Surface Flame Propagation 

Characteristics of Flooring and FloorCovering Materials 
34.  WWPA Western Wood Products Association 
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35.  Western Lumber Grading Rules (1999) 

2.4.4 Modified Tow-Way shall be asphalt concrete per 2.3.14.A.2.  Apron, Building Foundation and 
Floor Construction shall be reinforced cast in place concrete (see structural requirements 
section 2.5).  Concrete slab in composition determined by structural criteria. 

A. Hardstand(s) (Option 2) shall be concrete per structural loading requirements outlined in section 
01010 paragraph 2.5.4.G, Appendix 8 and 9.  Provide grounding points on 3 meter grid per 
electrical requirements and aircraft tie-downs per Appendix 8 and 9 diagrams. 

B. Maintenance Bay floor – concrete slab able to meet structural loading of towed and parked F-
15/F-22 aircraft. Required thickness shall be determined by structural calculations.  Finish in 
broom texture acceptable to the 3rd CRS, with finish described in paragraph 2.4.16.B. AM#16… 
Provide a mock-up for approval by the 3rd CRS …AM#16 
1. Concrete apron shall extend 10’ in front of Hangar doors and along their full width with 

hydronic heat trace system at the hangar door threshold. 
2. Provide grounding points (see electrical requirements, SECTION 01010, 2.7), on 3 meter 

grid. 

C. Tank Area floor - requires 1000 gallon capacity floor recess for spilled jet fuel (see section 2.6 for 
Mechanical Requirements); ramp transition from Maintenance Bay to Tank Area shall facilitate 
fork-lift access. Broom finish in a texture acceptable to the 3rd CRS. AM#16… Provide a mock-
up for approval by the 3rd CRS …AM#16 

D. Provide equipment pads for floor-mounted equipment, vibration isolation pads at compressor 
and generator equipment. 

E. Construction joints in office and support area concrete slabs shall either formed or saw cut or cut 
with a jointing tool to the indicated depth after the surface has been finished.  Sawed joints shall 
be completed within 4 to 12 hours after concrete placement.  Protect joints from intrusion of 
foreign matter. 

F. Moisture Barriers 
1. Vapor Retarder - Capillary Water Barriers such as sand, gravel, or crushed stone shall be 

provided beneath membranes at slabs-on-grade with dampproofing.  At walls, drainage 
matting may be used instead. 

2. Waterproof Paper – ASTM C 171 consisting of (2) sheets of Kraft paper cemented 
together with reinforced bituminous material. 

G. Expansion/Contraction Joint Filler – ASTM D 1751 or ASTM D 1752, ½” thick unless otherwise 
indicated. 

2.4.5 Roof Construction: Main roof may be flat or sloped design.  Roof run-off must be directed away 
from building apron, fire lanes and vehicle circulation, building entrances, and other paved 
areas. 

A. The complete roof system shall have a UL 1256, UL 790, Class A classification, be listed as “fire 
classified” in UL Building Materials Directory  and bear the UL label.  Roofing system over steel 
deck shall be rated Class I-90. 
1. Roof insulation above the vapor retarder shall have a minimum R-value of R-30 as 

measured at 75 degrees F in accordance with ASTM C518. 

B. Provide a .76 meter (2’-6”) deep overhang to shelter the F-22/F-15 hangar door openings. 
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C. Building main entrance and all door openings shall be protected from rain, snow and roof runoff 
using smaller roof areas.  Building mounted lighting and equipment, roof-mounted antennae 
and other equipment shall be protected from snow and ice roof runoff damage. 

D. Warranty:  15-year full roofing system manufacturer’s labor and material warranty that the roof 
system will be free from leaks caused by defects in materials supplied and leaks caused by 
workmanship involved in the installation of such materials. 

E. Details and Penetrations shall comply with NRCA Construction Details.  Modified bituminous 
roofing shall comply with ARMA Recommended Performance Criteria for Roofing Membranes 
Using Polymer Modified Bituminous Products.  Comply with ARMA Guide to Preparing Built-up 
Roofing Specifications, NRCA Roofing and Waterproofing Manual, and NRCA Handbook of 
Accepted Roofing Knowledge. 

F. GOVERNMENT BETTERMENT #2 – Acoustical Roof Deck in Maintenance Bays and Tank 
Area:  Epic Metals Corporation “ER2RA” Acoustic Ceiling Roof Deck with NRC value .95 or 
alternate product of equal performance and required structural properties. 

G. Roofing Components, Low Slope Roof:  structural metal deck (see Betterment #2 paragraph F), 
16 mm (5/8”) Dens-deck, 2-ply hot-mopped vapor retarder, R38 rigid insulation, protection 
board, 3-ply built up roofing system; metal flashings, 2-ply built up roof base flashing, gutters, 
downspouts; including the following accessories: 
1. 4-Ply Modified Built-up Roof 

a) Base Sheet:  ASTM D 4601; 30.7 lbs/square, 60 mils thickness, fiberglass mat, 
SBS-modified asphalt, lightly surfaced with mineral release material; extending a 
minimum 8” up the surface of parapet and other vertical surfaces. 

b) (2 layers) Interply Sheet:  ASTM D 4601; 47.5 lbs/square, 60 mils thickness, 
fiberglass mat felt, SBS-modified asphalt equivalent of Type G-2 base sheet, with 
fire retardant stabilizers and lightly surfaced with mineral release material. 

c) Cap Sheet:  ASTM D 5147 and ASTM D 3909; 102 lbs/square, 150 mils 
thickness, 0.5 gram loss Granule Adhesion; Breaking Strength at 0 degrees F – 
MD=125 lbs degrees F / inch, XM=100 lbs degrees F / inch; Breaking Strength at 
77 degrees F – MD=80 lbs degrees F/inch, SM=40 obs degrees F/inch; 
Elongation at Break – MD 4 percent, XM 4 percent; Ultimate Elongation at 
Sample Break – MD 25 percent, XM 40 percent; Tear Resistance – MD 100 lbs 
degrees/inch, XM  90 lbs degrees/inch; polyester/fiberglass mat with random 
pattern on wet laid polyester fibers with resin and latex. 

d) Polyglass mat impregnated and coated with SBS modified asphalt filled with fire 
retardant stabilizers and surfaced with ceramic granules for ultraviolet protection 
and weatherability. 

2. Cant Strips – pressure preservative treated softwood, 45-degree cant with 3-1/2” legs. 
3. EPS Insulation – ASTM C 578, Type II expanded polystyrene; (2) 4” board thickness 

layers, (1) 2” board thickness layer with the following characteristics and tapered to 
provide a minimum slope of ¼” per foot: 
a) Water Absorption Rate:  Maximum 4 percent per ASTM C 272 
b) Board Density:  Minimum 1.3 pcf, minimum 
c) Compressive Strength:  Minimum 10 psi at 10 percent deformation 
d) Thermal Conductivity K Factor:  0.28 at 75 degrees F per ASTM C 518, minimum 

R39 insulation value as tested at 75 degrees F. 
e) Board edges:  Square 

4. Bituminous Vapor Retarder – two plies of glass roofing felt mopped in asphalt, installed 
on top of insulation underlayment. 

5. Insulation Underlayment – 16mm (5/8”) thick glass mat gypsum roof board conforming to 
ASTM C 1177/C 1177M or as otherwise required by code, UL requirement, and 
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membrane manufacturer.  Mechanically fasten to structural roof deck per uplift resistance 
standards. 

6. Joint Tape – asphalt treated glass fiber reinforced, 6 inches wide, self-adhering 
7. Fasteners – types and sizes best suited for the purpose and shall comply with listing and 

roofing manufacturers approved instructions.  Mechanically fasten the first layer of 
insulation to the roof deck per FM I-90 standards. 

8. SEBS – Rubber Modified Roofing Asphalt - ANSI/ASTM D 312; asphalt primer per 
ANSI/ASTM D 41; plastic cement ASTM D 2822, Type II, cutback asphalt type. 

H. Metal Flashings – prefinished and preformed galvanized sheet stock; ASTM A 924M, Grade C 
minimum, 24 ga; coating designation Z275 in conformance with A 525, or 1.9 mil Zincalum 
coating compound of 45 percent zinc and 55 percent aluminum alloy by weight per ASTM A 
792.  Form sections true to shape, accurate in size, square, and free from distortion or defects.  
Form pieces in longest practicable lengths.  Minimum bend radius 3.5 x metal thickness.  Form 
bends at room temperature.  Hem exposed edges on underside ½ inch; miter and rivet lap 
seam corners.  Provide double beads of sealant in laps.  Form material with backup plate 
seams of same material.  Fabricate formed vertical faces with bottom edge formed outward and 
hemmed to form drip and hook for concealed cleats and back-up plate seams.  Provide 24 ga 
flashings with 22 ga continuous concealed cleats on exterior face, minimum 2” wide, 
interlockable with flashing. 
1. Exposed Finish – shop applied baked-on epoxy primer and baked on PVF2, finish coat.  

Prefinishing system equal to PPG’s Duranar, DeSoto’s Fluoropon, or Glidden’s Nubelar; 
70 percent “Kynar 500” coating in total dry film thickness of 1 mil. 

2. Concealed Finish – shop applied baked on .15 mil epoxy primer and baked-on .35 mil off-
white backer.  

I. Flexible Flashings – self-adhering rubber modified membrane with laminated polyethylene film 
and release paper backing; maximum permeance rating of 0.1 perm (6ng/Pa x s x sq.m.).  
Provide primer when recommended by vapor-retarder manufacturer. 

J. Roof Drains shall comply as a minimum with SMACNA Architectural Sheet Metal Manual.  Roof 
drainage details shall comply with NRCA Construction Details.  Overflow roof drains shall be 
routed to the main roof drain.  The weight of retained water below the level of the overflow roof 
drains shall be included as a load in structural calculations.  Drains shall have strainers, and 
shall be no less than 4” diameter. 
1. Only interior roof drains and overflow drains shall be used in a flat roof area.  Roof drain 

spacing shall not exceed 23 meters (75 feet) in any direction; no single roof drain shall 
serve a roof area greater than 558 square meters (6,000 square feet).  

K. Metal Roofing – sloped (2:12 minimum pitch) metal roofing is an acceptable alternative to flat 
roof design solution and shall be used at the main building entrance.  Uninsulated metal roof 
shelters shall be used at personnel doors and coiling door openings. 
1. IMSA Klip-Rib factory formed standing seam roof panel assembly or equal product 

designed for concealed mechanical attachment to roof deck are acceptable. 
a) 22 gauge minimum panel thickness. 
b) Comply with manufacturer requirements for span limitations. 
c) Clips shall be 21 gauge designed to meet negative load requirements. 
d) Zincalume Aluminum zinc alloy coated steel sheet per ASTM A-792, Class AZ-

55. 
2. Provide flashing and trim as recommended by panel manufacturer to match wall or roof 

panels. 
3. Self-tapping screws, bolts, nuts, self-locking rivets and bolts, end-welded studs and other 

suitable fasteners designed to withstand design loads. 
a) Use stainless steel fasteners. 
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b) Use metal-backed neoprene washers under heads of fasteners exposed to 
weather. 

4. Accessories for a complete installation shall be provided, including:  trim, copings, fascia, 
ridge closures, seam covers, battens, flashings, sealants, gaskets, fillers, and closure 
strips – per industry best practices. 

2.4.6 Exterior Wall System – see structural section 2.5 for concrete footing, foundations, concrete 
stem wall and structural steel frame of wall.  All products shall be fire and safety rated for the 
use and locations intended.  Structural elements shall be fire protected per IBC requirements.  
Exterior color scheme shall conform to standard Base colors. 

A. Reinforced concrete wainscot to 1225mm (4’-0) above Maintenance Bay floor level; includes 
Tank Area. 

B. Prefinished Corrugated Metal Siding, 60 mm (0.023-inch) thick minimum, with factory colored 
finish on the exposed side; and with the following characteristics 
1. Zinc coated steel conforming to ASTM A 446, G 90 coating designation; or 
2. Aluminum-zinc alloy coated steel conforming to ASTM A 792, AZ 50 or AZ 55 coating; or 
3. Aluminum-coated steel conforming to ASTM A 463, Type 2, coating designation T2 65 
4. Design allowances shall be made for expansion and contraction at top and bottom of 

panels consistent with the manufacturer’s recommendations 
5. Color selected from manufacturer’s standard selections; dry film coating bonded by 

adhesive to a cleaned metal substrate, dry film thickness of 0.5 mil. 
6. Finish shall be baked on epoxy primer and baked-on PVF finish coat.  Prefinishing 

system equal to PPG’s Duranar, DeSoto’s Fluropon, or Glidden’s Nubelar; 70 percent 
“Kynar” coating. 

7. Exposed Fasteners are zinc-coated steel, corrosion resisting steel, or nylon capped steel. 
8. Accessories compatible with the panel system and substrate.  Flashing, trim, molded 

closure strips, caps, and similar metal accessories shall be not less than the minimum 
thicknesses specified for covering with factory color finish to match panels.  Molded 
closure strips shall be closed cell or solid cell synthetic rubber or neoprene.  Thermal 
spacer blocks and other thermal barriers at concealed clip fasteners per manufacturer 
recommendations. 

9. Manufacturer’s Warranty shall be a period of no less than 20 years covering panel finish 
from fade, chalk, and deterioration. 

C. Insulated Transluc ent Panel System – 70mm (2-3/4”) thick factory prefabricated sandwich 
panels and aluminum installation system. 
1. Panel and system must be listed by International Conference of Building Officials (ICBO).  

Quality control standards for fire, structural, and water infiltration testing in conformance 
with “Acceptance Criteria for Sandwich Panels”. 

2. Translucent facing – manufactured from glass fiber reinforced thermoset resins 
specifically for architectural use.  Thermoplastic (e.g. polycarbonate, acrylic) faces are 
NOT acceptable. 

3. Flammability – interior face sheet shall be UL listed and have a flamespread rating no 
greater than 50 (20) and smoke developed no greater than 250 (200) when tested per UL 
723.  Burn extent by ASTM D-635 shall be no greater than 1”.  Faces shall not deform, 
deflect or drip when subjected to fire or flame or delaminate when exposed to 300 
degrees F for 25 minutes per UBC; or faces shall conform to FM 4411. 

4. Weatherability – The full thickness of the exterior face shall not change color more than 
3.0 Hunter or CIE Units DELTA E by ASTM D-2244.  Color stability shall be unaffected by 
abrasion or scratching.  Exterior face shall have a permanent glass erosion barrier 
embedded beneath the surface to provde maximum long-term resistance to reinforcing 
fiber exposure.  Sacrificial surface films or coatings are NOT acceptable erosion barriers. 

5. Exterior face sheet – 1.78mm (0.070”) thick, light in color. 
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6. Interior face sheet – 1.14mm (0.45”) thick, light in color. 
7. Strength – impact resistance per UL 972. 
8. Grid – thermally broken aluminum I-beam grid core of 6063-T^ or 6005-T5 with provisions 

for mechanical interlocking of members; width of I-beam no less than 11mm (7/16”).  
Thermal break shall be minimum 1”.  Panels shall withstand 1200 degrees F fire for 
minimum one hour without collapse or exterior flaming.  Thermally broken panels shall 
have minimum Condensation Resistance Factor of 80 by AAMA 1503.1 measured on the 
grid line. 

9. Panels shall have a U-factor certified by NFRC laboratory and as recommended by 
manufacturer for the project conditions. 

D. Metal stud wall furring and framing shall comply with ASTM C754 for conditions indicated.  Steel 
sheet components shall comply with ASTM C645 and with manufacturer standard corrosion 
resistant zinc coating. 
1. Steel studs and runners shall be 20 gauge, or .83 mm (0.0329 inches) base metal 

thickness. 
2. Accessories for complete framing system for fire rated and non-fire rated assemblies 

include:  firestop track, 79mm flat strap and bakcing plate, cold rolled channel bridging 
(1.37mm bare steel thickness), hot shaped rigid furring channels (.45mm thick per ASTM 
C645), resilient furring channels (12.7mm deep), corrosion resistant fasteners of 
type/material/size/properties required to fasten steel members to substrates. 

3. 16mm Gypsum Wall Board (type “X” where required) up to 3050 mm (10’) gypsum 
interior wall face complying with ASTM C 36, and installed incompliance with ASTM C 
840 and GA 216. 

E. Wainscot to 2500mm (8’) above Maintenance Bay and Tank Area floors – 22 gauge galvanized 
corrugated metal panel by IMSA “NuWave” or equal, with 880mm (34-2/3”) net coverage and 
23mm (7/8”) rib depth at 68mm (2-2/3”) on center. 
1. Conform to ASTM A-924/ASTM A-792 zincalume, minimum yield 40,000 psi. 
2. Protective coating in conformance with ASTM A-924/A-792 and A-250. 

a) “Zincalume Plus” finish, or equal. 

F. Weather Resistive Barrier:  asphalt saturated organic felt complying with ASTM D 226, Type I 
(No. 15 asphalt felt), and sidelapped 100 mm (4 inches). 

G. Fiberglass Batt Insulation, minimum 3.3 M2-K/W (R19), unfaced, sized to fit snugly between 
framing members without gaps or voids. 

H. Vapor retarder, continuous 8-mil film per ASTM D4397 requirements, at the warm side of the 
insulation. 

I. Dampproofing – conforming to ACI Guide to the Use of Waterproofing, Dampproofing, Protective 
and Decorative Barrier Systems for Concrete shall be used at foundation walls and other 
building elements that are subject to high humidity, dampness, or frequent direct water contact; 
but are not subject to hydrostatic pressure or immersed in water. 
1. Waterproofing shall be used at shower room walls (if masonry), water wash-down areas, 

and other areas subject to hydrostatic pressure 
2. Dampproofing shall be used at concrete stem walls, transition areas where membrane 

waterproofing (if any) terminate, and other areas susceptible to dampness.  At though-
the-wall flashings dampproofing shall form a bond between the concrete and flashing. 
a) Dampproofing at and below grade shall be chemically compatible with ground 

water and soils 

J. Exterior Perimeter Insulation – conforming to ASTM C 578 Type VI, expanded or extruded 
cellular type, with the following characteristics: 
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1. Thermal Resistivity:  R of 5.0 at 75 degrees F. 
2. Thickness: as indicated. 
3. Board Size:  600mm x 1200mm (24 x 48 inches), square edges. 
4. Compressive Strength:  30 psi, minimum 
5. Water Absorption:  per ASTM D 2842, 0.3 percent by volume, maximum. 
6. Adhesive:  gun grade, mastic type, compatible with insulation and substrate. 
7. Protective Coating:  acrylic copolymer based adhesive and waterproof coating mixed with 

Portland cement, suitable for protecting insulation from ultraviolet and physical damage 
and extending 150 mm (6”) below grade. 

2.4.7 F-15/F-22 Aircraft Doors 

A. Hard panel horizontal-acting or vertical-acting hangar doors may be proposed.  Doors must have 
a record demonstrating success in aircraft hangars in arctic and sub-arctic military installations.  
Doors shall be complete with wheels, top guide rollers, motor operators, brakes, electrical 
controls, operating hardware, weathering, trolley ducts, top guides, and bottom rails, EPDM 
weatherstripping, controls, push buttons, limit switches, disconnects, etc. 
1. Door operation is horizontal sliding of unidirectional, biparting, or individually motor 

operated type which, when fully closed, forms a weathertight enclosure. 
2. All Door Operators shall be powered with high-cycle use motors and on emergency back-

up power (see electrical requirements 2.7). 
3. Doors and components shall be engineered to withstand design wind loads. The wind 

load deflection shall not exceed the door height in inches divided by 120.  Fiber stresses 
in the door members due to combined dead and wind loads shall not exceed 29,300 psi. 

4. Door Leaf shall be of bolted and/or welded construction with non-spliced vertical 
members, assembled to square tolerances up to 3 mm to 6100 mm (1/8” to 20’).  Door 
covering shall be preformed metal insulated panels with maximum U-value of .067. 

5. Weathering material: 
a) Vertical edges shall be weathered with 3mm thick 2-ply cloth inserted EPDM flap, 

located as to engage a matching 13 gauge bent metal rub plate on the adjacent 
door or jamb.  Flaps shall be retained continuously for their full length by keeper 
clamp-type retainer bars bolted at 305 mm (12”) centers with 6 mm (¼”) plated 
hex head fasteners.  Clearances between metal parts on vertical edges of leaves 
and between leaves and jambs shall not be less than 127 mm (5”). 

b) Sill weathering shall be provided on the exterior sides of the leaves; each shall 
consist of a single flap of 1/8” 2-ply cloth inserted EPDM material retained by 
continuous clamp-type retainer bars bolted at 305 mm (12”) centers with 6 mm 
(¼”) plated hex head fasteners. 

c) Head weathering shall consist of 2 parts.  The floating head wind curtain consists 
of support angles which moves up and down with the telescoping type top roller 
and a 16 gauge sheet curtain attached to the angles.  The flexible weathering 
part attached to the top of the door leaves shall be 1/8” 2-ply cloth inserted 
EPDM material retained by continuous clamp-type retainer bars bolted at 305 
mm (12”) centers with 6 mm (¼”) plated hex head fasteners. 

d) The use of white nitrile rubber is prohibited. 

B. Hardware includes components manufactured expressly for use on aircraft hangar doors:  
telescoping top guide roller assemblies, bottom wheels, bumpers, tractor pulls, track cleaners 
for a complete installation 

C. Metal surfaces shall be given a priming coat of rust inhibitive paint. 
1. Tnemec 1099. 

D. Door Operation: 
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1. Operation of each door shall be by traction type power drives with one in each drive leaf, 
designed to move in either direction at a maximum speed of 13.7 meters (45’) per minute 
at zero wind load conditions, and shall be operable up to and including a wind load of 5 
pounds per square foot.  Necessary roller chains, sprockets, jack-shafts, bearings, and 
take-up devices shall be included for a complete operating system. 
a) Each system shall be on emergency back-up power and provided with an 

acceptable means of emergency conversion to tractor towing. 
b) Variable speed motors are not acceptable. 
c) Motors shall be rated for door operation duty and shall be normal starting torque 

type and rated for service at 460 volts, 3 phase, 60 Hertz. 
d) Gear reduction units shall be of the highest quality helical worm gear double 

reduction of commercial manufacture and shall have internal continuous 
lubrication.  The units shall be of a type which allows a reversal of effort through 
the gears without damage to the gears.  The gears shall be non self-locking and 
be rated AGMA Standard with a safety factor of 1. 

e) The high-speed shaft brakes shall be integral with the motors and shall be of the 
spring set solenoid release self-adjusting disc type with an auxiliary manual 
release. 

E. Applicable Standards: 
1. Federal Specification 

a) HH-P-151E                         Packing, Ribber-Sheet, Cloth Insert 
b) QQ-I-652C                          Iron Castings, Gray 
c) QQ-I-666D                          Iron, Malleable, Ferritic for Castings 
d) QQ-S-681F                         Steel Castings 

2. ASTM 
a) A36-81                                Structural Steel 
b) A366-72 Steel, Carbon, Cold-Rolled Sheet Commercial Quality 

3. NEMA 
a) IC-1                                     Industrial Control Standards 
b) ST-1                                    Standards for Specialty Transformers 
c) IC-5                                     Industrial Controls and Systems 

4. AWS 
a) Code for Arc and Gas Welding 

F. Some Manufacturers that provide doors meeting the above requirements above salient features 

G. Warranty:  one year after date of substantial completion for hangar doors, top guides, and 
electrical system against all defects in material and workmanship. 

2.4.8 Doors and Windows 

A. Exterior Aluminum Windows, with the following performance requirements 
1. Force Protection Glazing: all exterior glazing shall meet the minimum resistance 

standards in the Force Protection Guidelines. 
a) All exterior glazing shall be insulating glass with a laminated inner pane.  Inner 

panes of insulated glass units shall be 6-millimeter laminated annealed glass or 
6-millimeter laminated thermally tempered glass.  Laminated glass shall consist 
of two layers of Type I transparent float glass, Class 1 – clear Quality q3 – 
glazing select, conforming to ASTM C1036. 

b) Glass shall be bonded together with 1.52-mm thick PVB interlayer under 
pressure, or alternatives such as resin laminates, conforming to requirements of 
16 CFR 1201 and ASTM C1172.  Color shall be clear. 

c) Window Film shall be “Protekt” by Madico, or equal, and shall pass impact 
requirements of ANSI Z97.1 Safety Glazing Standard and Category II 
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requirements of the Consumer Product Safety Commission, Safety Standard for 
Architectural Glazing Materials, CPSC 16 CFR 1201. 

2. Operating mechanisms, parts, and equipment in operable windows shall have a history of 
reliability and readily available replacement parts. 

3. Air Infiltration:  ASTM E 283, shall not exceed 0.06 cfm per square foot of fixed area at 
test pressure of 12.0 psf. 

4. Water Infiltration:  ASTM E 331, no water penetration at a test pressure of 15 psf. 
5. Structural Performance:  full recovery of glazing materials at 100 mph wind velocity.  

Windows shall be designed for wind loads in accordance with IBC. 
6. Security:  windows shall offer substantial resistance to unauthorized entry, equal in 

resistance to the adjoining wall. 
7. Fire Protection:  where required by code, fire windows, frames, and hardware shall be 

either tested and listed by UL or similar nationally accredited testing laboratories or 
approved authorities.  Such fire windows shall be installed with label attached in 
accordance with NFPA 80. 

8. T
hermal Performance:  ASTM C 236, minimum u-value of 0.65 and a minimum crf of 61.  
Thermal break fixed or casement frames, meeting a design STC of 50 per ASTM E 90 
and a field test STC of 45 per ASTM E 336.  Insulating glass units per ASTM % 774 and 
E 773: 
a) Transmittance:  42 percent 
b) U-value:  0.29 winter; 0.30 summer 
c) Shading coefficient:  0.30 
d) Reflective Heat Gain:  64 
e) Light Reflectance:  10 percent. 

9. Safety Glass where required by UBC and AFMAN 91-201, Section 4.31.  Operable 
outside windows shall have guards conforming to NFPA 101, Chapter 5, ANSI C 97.1, 
and ASTM C 1172 

10.  Float glass:  ASTM C 1036 
11.  Expansion/Contraction:  system components must comply with cycling temperature range 

of 170 degrees F over a 12 hour period without causing detrimental effects to system 
components, anchorages, and other building elements. 

12.  Maintain air barrier and vapor seal throughout the window assembly; 40 percent rh 
without seal failure at interior atmospheric pressure of 1 inch sp 72 degrees F. 
a) Glazing compound:  Sealant per ASTM C 920, Grade NS, Class 25, Use G, A 

and O. 

B. Exterior Coiling Door: capable of withstanding the effects of design loads without permanent 
deformation; Wind Load  960 Pa (20 lbs/sq.ft.) acting inward and outward; Operation Cycle 
requirements if 100,000 for components and motor. 
1. Steel Door Curtain Slats – structural quality, cold-rolled galvanized steel sheets 

complying with ASTM A 653 with G90 (ASTM A 653M, with Z275) zinc coating.  
Galvanized steel sheet thickness not less than 0.7mm (0.028 inch). 

2. Fill slats with manufacturer’s standard rigid cellular polystyrene or polyurethane foam 
type thermal insulation complying with maximum flame-spread and smoke developed 
indices of 75 and 450 respectively, per ASTM E 84. 

3. Endlocks – malleable iron castings galvanized after fabrications or high strength nylon.  
Provide locks on not less than alternate curtain slats for alignment and resistance against 
lateral movement. 

4. Windlocks – malleable iron castings secured to curtain slats with galvanized rivets or high 
strength fasteners as required to comply with wind load. 

5. Bottom Bar – consisting of (2) angles, each not less than 38 mm x 38 mm x 3 mm (1-
1/2”x1-1/2”x1/8”) either galvanized or stainless steel to suit slat type. 

6. Motor operator with combination bottom astragal and sensor edge complying with NFPA 
70; high-starting torque, reversible, continuous-duty, Class A insulated complying with 
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NEMA MG 1 with overload protections and operating at not less than 0.2 meters/second 
(2/3 fps). 

7. Obstruction Detection Device – able to protect the full door opening width. 
8. Flush bolts at frame on inside face; or preferred security measure determined by the 

users. 
9. Curtain jamb guides – angles or channels and angles of material and finish to match 

curtain slats, sized to retain curtain; provide integral wear strips to prevent metal-to-metal 
contact; removable stops on guides to prevent overtravel of curtain. 

10.  Hood – formed to entirely enclose and weatherseal coiled curtains and operating 
mechanism at opening head; edges, top, and bottom rolled and reinforced for stiffness; 
fabricate with sealant joint bead profile for exterior applications. 
a) Finish complying with NAAMM’s Metal Finishes Manual for Architectural and 

Metal Products – powder coated applied finish per manufacturer’s written 
instructions. 

C. Exterior Man-Doors 
1. ANSI A 151.1 and ANSI 224.1; maximum deflection with 450 pounds pressure shall not 

exceed 9/16 inch.  Doors shall be SDI Grade II, Model 2, thermally insulated to an overall 
R value of 10, measure in accordance with ASTM C 236.  Insulated steel door systems 
shall comply with ISDSI 102, meeting the following characteristics: 
a) Exterior doors and frames shall be galvanized and factory primed to receive field 

finish 
b) Install doors and frames per SD01 guidelines and manufacturer’s written 

instructions. 
c) Steel meets ANSI A 250.8 standards 
d) Minimum 6-millimeter glazing where applicable. 

D. Interior Counter Coiling Door 
1. Fire rated counter – high pressure laminate finish, UL tested assembly and labeled for 1-

1/2 hour fire rating for approved use with fire-door assembly. 
2. Fire rated door assembly – complying with NFPA 80, labeled and listed for fire ratings 

indicated by UL, FM or another testing and inspecting agency acceptable to authorities 
having jurisdiction. 
a) Smoke seals – UL listed and tested smoke seal at perimeter gaskets 
b) Steel door curtain slats – structural quality, cold-rolled galvanized steel sheets 

complying with ASTM A 653. 
c) Motor operator and heat or fire alarm actuated automatic-closing device. 
d) Obstruction Detection Device – able to protect the full door opening width 
e) Padlock locking mechanism 
f) Counterbalancing mechanism – counterbalance barrel, spring balance, torsion 

rod, brackets 
g) Finish complying with NAAMM’s Metal Finishes Manual for Architectural and 

Metal Products – powder coated applied finish per manufacturer’s written 
instructions. 

E. Interior Doors 
1. Unless otherwise indicated, frequently used doors shall have a vision panel except where 

privacy, security, or fire safety requirements preclude inclusion. 
2. Doors shall offer equal resistance to unauthorized entry to adjacent wall construction.  

Standard of quality per HMMA 861 Guide Specifications for Commercial Hollow Metal 
Doors and Frames. 

3. Fire Protection of entire door/frame/hardware assembly shall be either tested and/or 
listed by UL or similar accredited testing laboratory approved by FM.  Label shall be 
attached in accordance with NFPA 80. 
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4. Hot-Rolled Steel Sheets:  ASTM A 569/A 569M, CS (commercial steel), Type B, free of 
scale, pitting, or surface defects.  Flush design doors, 44 mm (1-3/4”) thick, of seamless 
hollow construction.  SD01 100 standard, heavy duty, prepared to receive hardware. 

5. Hardware shall conform to ANSI/BHMA.  Hardware shall be provided for each door and 
as required per NFPA 101 and referenced accessibility standards. 

6. Hollow Metal Relite Frames shall have a load carrying capacity of 950 pounds, 
galvanized where exposed to corrosive elements, and factory primed to receive field 
finish.  Removable glazing beads shall be screw-on or snap-on type.  Frame assembly 
shall carry UL rating where required. 

7. Glazing:  safety glass shall meet ASTM C 1172 and ANSI Z 97.1.  Setting blocks, glazing 
tape, spacers and shims in accordance with manufacturer’s installation instructions. 

8. Door silencers shall be used at all doors except those in gasketted frames. 
9. Weather-stripping for head and jamb protection shall be elastomeric type of synthetic 

rubber, vinyl, or neoprene per door frame manufacturer. Use bottom sweep weather-
stripping, 1/8” thick neoprene or spring 

10.  Install removable stops on secure side of wall where possible. 

F. Access Doors 
1. Placement of panels and orientation of fixtures shall be coordinated so as to minimize 

visual impact while providing adequate access to equipment being serviced. 
2. Fabricate frames and flanges of 16 gauge steel and door panels of 14 ga. steel, 

galvanized where exposed to corrosive environment; UL listed products in rated ceilings 
and partitions in accordance with NFPA 80-99, NFPA 252-99, and UL 10B-97. 

3. Size access panels so that two-handed work can be easily accomplished.  See 
Mechanical, Section 2.6 for access requirements. 

2.4.9 Interior Partitions 

A. Blast Protection Wall – concrete masonry construction between Maintenance Bay and support 
areas; one-hour fire rated construction with 45-minute fire rated door and window openings. 

B. Area separation walls, occupancy separations, mechanical rooms, and corridors shall be 
designed and constructed to fire ratings defined by code, and to acoustical requirements 
defined by area in the Room Criteria Sheets.  Industry standards for fire ratings, application, 
and finishing shall be in accordance with Gypsum Association and Underwriters Laboratory.  
Minimum requirements for interior walls are as follows: 
1. Non-Bearing Partitions – 40mm x 90mm studs @ 400 mm o.c. with 1 layer 16mm type ‘x’ 

gypsum wall board each side. 
2. Moisture resistant gypsum wall board shall be used in damp area walls. 
3. Cementitious tile backer board at shower areas 
4. Light orange peel texture for painted gypsum wallboard finish 
5. Studs and screws shall be spaced to meet UL requirements for the required fire 

resistance and structural requirements.  Allowable deflection is L/240. 

C. Hollow Metal Relights 
1. Frames shall have a load carrying capacity of 950 pounds.  Frames exposed to corrosive 

environment shall be galvanized.  Factory primed to receive field finish. 
2. Removable glazing beads shall be screw on or snap-on type.  Frame assembly shall 

display required UL ratings. 
3. Safety glass shall meet MSTM C 1172 and ANSI Z 97.1. 
4. Setting blocks, glazing tape, spacers and shims in accordance with manufacturer’s 

installation requirements. 

D. Hardware - conform to ANSI/BHMA, and integrate project into existing base security system.  
Hardware shall be compliant with NFPA 101 and referenced accessibility standards.  Heavy 
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duty builders hardware with features inaccessible to tampering, hinges at exterior side of doors 
shall be pinned, set screw, or welded so they cannot be removed. 
1. Automatic Door Closers – doors part of fire rated assembly and exterior swinging doors 

shall have closers. 
2. Door locksets shall be “Best” brand, or shall meet or exceed “Best” performance 

requirements with cast levers and escutcheons.  Cylinders are 7-pin tumbler type 
constructed from brass or bronze, stainless steel or nickel silver; mortise type threaded 
cylinders with rings and straight or clover type cam. 

3. Cores are required to be “Best” brand, no substitutions.  Interchangeable cores shall 
match finish of lockset. 

4. Emergency exit-only doors shall have no exterior hardware, deadlocking panic hardware 
only on interior side, except doors from Maintenance Bay to exterior near exterior 
accesses to building utility spaces (i.e. Compressor, Boiler Room, Generator). 

5. Kickplates are 1.3 mm stainless steel, beveled at top and two sides. 
6. Wall stops or overhead stops are required throughout, floor stops should be avoided. 
7. Door silencers shall be used at all doors except those in gasketted frames. 
8. Weather-stripping for head and jamb protection shall be elastomeric type of synthetic 

rubber, vinyl, or neoprene per door frame manufacturer. Use bottom sweep weather-
stripping, 1/8” thick neoprene or spring tension type of bronze or corrosion resisting steel 
on an extruded aluminum or bronze bar. 

9. X-08 Lock – cypher locks, card key system-card reader system compatible with Base.  
Indenti-Card to be compatible with current system, requiring proximity card reader and 5 
digit pin number to gain access.  Locate at individual work areas.  Install BMS per user 
requirements. 

2.4.10 Exterior Signage 

A. Signage shall be integrated into the building and site design in an attractive manner. The Air 
Force sign standard is located at: http://afpubs.hq.af.mil and typing "32-1097" in the "short title" 
search block. 

2.4.11 Sealants 

A. At exterior windows and doors, wall louvers, roof vents and other miscellaneous penetrations 
through the exterior envelope, flashings, backer rods, sealants, and caulks shall be provided 
which properly contain irregular forms, recesses, and grooves weather tight.  Sealants shall be 
either concealed from UV exposure or of the type not susceptible to UV degradation. 

B. All sealants shall be chemically formulated for the material substrate, joint movement, and 
environmental exposure.  Color shall be properly coordinated with the adjacent materials. 

2.4.12 Exterior Paint – reference Sherwin Williams products and application recommendations, or equal 
product of another manufacturer. 

A. Vertical Masonry Surfaces – CMU 
1. Coating Vehicle – latex 
2. Coating Finish – filler 
3. Surface Preparation - S-W3 
4. Primer - 1 coat block PrepRite Block Filler (B25W25) 
5. Coating Vehicle – acrylic latex 
6. Coating Finish – satin 
7. Topcoat – 2 coats A-100 Exterior Latex Satin (A82) 

B. Metal Surfaces – Steel 
1. Coating Vehicle – acrylic latex 
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2. Coating Finish – primer 
3. Surface Preparation – SSPC-SP2 
4. Primer - 1 coat All Surface Enamel Latex Primer (A41) 
5. Coating Vehicle - acrylic latex 
6. Coating Finish – satin 
7. Topcoat - 2 coats A-100 Exterior Latex Satin (A82) 

C. Galvanized Surfaces 
1. Coating Vehicle – acrylic latex 
2. Coating Finish – primer 
3. Surface Preparation – S-W10 
4. Primer - 1 coat All Surface Enamel Latex Primer (A41) 
5. Coating Vehicle – acrylic latex 
6. Coating Finish – satin 
7. Topcoat -  2 coats A-100 Exterior Latex Satin (A82) 

2.4.13 Mail boxes are not provided in this contract. 

2.4.14 Interior Construction 

A. Toilet & Shower Partitions:  Provide solid plastic polymer resin toilet partitions capable of 
supporting superimposed load for occupant safety.  Partitions shall provide for privacy and 
blend aesthetically with surroundings. 
1. Toilet Partition Doors and Panels:  25.4mm (1”) thick x 610mm (24”) minimum width x 

1470mm (58”) high; 864mm (34”) wide door. 
2. Shower Partition:  25.4mm (1”) thick x 1930mm (76”) high 

a) Mount to pilasters and panels with continuous shower corners. Shower corners 
and headrail shall be made of heavy extruded aluminum with bright dip anodized 
finish. All fastenings/brackets shall be of stainless steel and secured with tamper 
resistant torx screws. 

b) Shower curtain and heavy duty stainless steel rod and brackets. 
3. Shower Pan:  Provide one-piece terrazzo base, partitions shall be 25mm (1”) thick solid 

polymer resin. 
4. Materials: 

a) Solid Plastic Polymer Resin – high density polyethylene (HDPE) with 
homogenous color throughout, eased edges which is waterproof, nonabsorbent 
and mark resistant. 

b) Pilaster shoes and caps (sleeves) per ASTM A666, type 302 or 304 stainless 
steel not less than 0.8 mm thick and 75 mm high; finish to match hardware. 

c) Head Rails: Hollow aluminum tube, 1x1-5/8 in. size, with anti-grip strips and cast 
socket wall brackets. 

d) Attachments, Screws, and Bolts:  Stainless steel; tamper proof type; heavy duty 
extruded aluminum brackets. 

e) Hardware: Chrome plated non-ferrous cast pivot hinges, gravity type, adjustable 
for door close positioning; nylon bearings; thumb turn door latch; door strike and 
keeper with rubber bumper; cast alloy chrome plated coat hook and bumper. 

f) Pilaster Shoes: ASTM A 167 Type 304 stainless steel with No. 4 finish. 
g) Installation:  install partitions secure, plumb, and level in accordance with 

manufacturers’ instructions. 

B. Lockers:  recessed wall type, per the following criteria: 
1. Single tier, 400mm (15”) wide x 400mm (15”) deep x 1830mm (72”) high; all seams and 

joints welded, 14 gauge door, 16 gauge frame, 16 gauge body parts with 18 gauge 
backs, one piece door w/ louvers and full loop type hinges, all metal locking system, 
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recessed handle, baked on enamel finish and number plate.  Provide one hat shelf and 3 
single prong hooks.  

C. Toilet Accessories:  all products used in the accessible toilet rooms shall meet all referenced 
accessibility standards. 
1. Grab Bar – installed to be capable of withstanding a 1200 kg (500 lb) vertical load without 

coming loose from the fastenings and without obvious permanent deformation; FS WW-
P-541/GEN and FS WW-P-541/8. 

2. Toilet Tissue Dispenser – FS WW-D-1908, FS WW-H-1911, Type II, roller mounted on 
single continuous bracket; coordinate type of toilet tissue with facility standard. 

3. Sanitary and Napkin and Tampon Receptacle – disposable liner type conforming to FS 
WW-P-541/GEN and FS WW-P-541/8, Type I, Class 1.  Provide stock of 50 disposable 
liners with receptacle. 

4. Sanitary Napkin and Tampon Dispenser – conforming to FS WW-P-541/GEN and FS 
WW-p-541/8, Type I, Class 5, recessed.  Stainless steel construction, dispensing 
mechanism for complementary vending. 

5. Paper Towel Dispenser – conforming to CED A-A-2380, constructed of not less than 
0.0269 inch stainless steel, recessed mounted.  Coordinate type of paper towel type with 
facility standard. 

6. Waste Receptacle – conforming to FS WW-P-541/GEN and FS WW-P-541/8, Type II, 
stainless steel, recessed mounted.  May be incorporated into paper towel dispenser unit. 

7. Soap Dispenser – liquid type with vertical stainless steel tank with holding capacity of 40 
fluid ounces. 

8. Mirror – tilt mirror in handicap accessible toilet room conforming to FS DD-M-00411, 
Class 2 Style C. 

D. Horizontal Louver Blinds - shall comply with AWCMA Document 1029 as self-leveling, consisting 
of louver slats, rails, ladders, tapes, lifting/tilting mechanisms, cord/cord-lock, tilt control, and 
installation hardware. 

E. Interior Signage - shall meet Elmendorf Air Force Base Installation Design Guide.  Signage shall 
be integrated into the building design in an attractive manner.  Interior signage shall identify all 
spaces and life safety elements in the building.  Conform to ADA guidelines in first floor public 
spaces. 

F. Utility Stair: 1100mm (44”) minimum width steel stair with open risers and treads of open grate 
material. All railings, guards and treads to be welded. Stairs shall be designed and fabricated to 
carry a uniform live load of 100 pounds per square foot or a concentrated load of 300 pounds at 
the center of any tread.  Handrails shall not be less than 864mm (34”) or more than 965mm 
(38”) when measured vertically from the tread nose to the top surface of the rail.  When used as 
guardrails, the top surface shall not be less than 1067mm (42”). Structural steel construction to 
meet or exceed the requirements of AISC. ASTM A36 and A500 structural steel. 

G. Fire extinguishers: Provide extinguishers and cabinets in size, quantity, and type to match 
occupancy. 

H. Countertops, Cabinets, and Shelving - constructed of high-density plastic laminate with sturdy 
hardware and built according to “Premium grade” standards of the “Architectural Woodwork 
Quality Standards 7th Edition Version 1.2 1999”. 
1. Extend wall cabinets to finish ceiling, without enclosed soffits, for additional storage 

capacity. 
2. Miscellaneous shelving to be constructed of 19 mm (3/4”) A/B grade birch plywood with 

clear or painted finish, and shall be supported by adjustable double slot heavy duty steel 
brackets on wall standards.  Use matching wood edge banding on all edges.  Brackets 
are mounted 30” on center, maximum. 
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3. Casework joints, connections, hardware and finish shall be constructed to withstand high 
abuse. 

4. Countertops shall be scribed to fit opening and constructed of high-pressure decorative 
laminate.  Backsplashes, countertops, and edges shall be one-piece construction.  
Waterfall or bullnose countertop edges are preferred. 

2.4.15 Interior Design and Finishes 

A. Wall Base:  100 mm-rubber cove conforming to ASTM F 1861, Tpe TS, Group 1, Styles A and 
R; top set straight and coved, 4 inches high.  Vinyl base is prohibited.  Color match rubber base 
to transition strips. Do not install rubber resilient base in conjunction with ceramic, quarry or 
other similar hard tile surfaces. 

B. Vinyl Composition Tile – installed on prepared substrates per industry best practices, in 
conformance to the following: 
1. Static Load Limit – 125 psi 
2. ASTM F 1303; Type II, Grade I, Class A 
3. Critical Radiant Flux:  ASTM E 648 – Pass 
4. NBS Smoke:  ASTM E 662, 450 or less 
5. Meet ADA for static coefficient of friction 
6. Installation per RFCI Recommended Work Procedures for Resilient Floor Covering 

C. Resilient Sheet Flooring – Linoleum Flooring 
1. Nominal overall thickness 2.5mm (.100in) 
2. Static Load Limit 17.6 kg/cm2 (250 lbs./sq.in.) 
3. Fire Safety: ASTM F 970 
4. Critical Radiant Flux: ASTM E 648 - 0.45 watts/cm2, class 1 
5. Smoke: ASTM E 662 – 450 or less 
6. Installation per RFCI Recommended Work Procedures for  Resilient Floor Covering 

D. Resilient Sheet Flooring – Vinyl Sheet Flooring 
1. Nominal overall thickness 2.5mm (.100in) 
2. Meet static load requirements of ASTM F 1303 
3. Fire Safety: ASTM E 648; Class 1 
4. Meet ADA for static coefficient of friction 
5. Installation per RFCI Recommended Work Procedures for  Resilient Floor Covering 

E. Carpet – shall be stain resistant and provide for easy cleanability, of sufficient weight and density 
to resist high traffic commercial use. 
1. CRI Carpet Specifiers Handbook and CRI Standard for Installation of Textile Floor 

Covering Materials. 
2. Flame spread no greater than 75 when tested in accordance with ASTM E 84. 
3. Flame propagation index less than 4.0 when tested in accordance with UL 992. 
4. Critical Radiant Flux shall be 0.45 watt per square centimeter when tested in accordance 

with AST< E 648. 
5. Flooring Radiant Panel – ASTM E 648, direct glue down, Class 1. 
6. Static Propensity:  AATCC 134, 3.0 kv or less. 
7. Install using sound industry practices for seam placement, surface preparation, pile 

direction, seam treatment, scribing, etc. 

F. Walk-off Mat – heavy duty extruded aluminum strips with fusion bonded carpet, insert strips, 
surface mounted application with heavy gage vinyl support cushions interlocked with aluminum 
strips.  Utility entrances shall have extruded steel grating in front of doors. 
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G. Wainscots may be used in public areas to provide lower wall protection and aesthetic value.  
Offerors may propose creative solutions, and designs will be evaluated based on appearance 
and durability.  Room Criteria Sheets do not indicate areas requiring wainscots it is the 
Offeror’s option to design to the project’s benefit. 

2.4.16 Interior Paint – reference Sherwin Williams products and application recommendations, or equal 
product of another manufacturer. 

A. GOVERNMENT BETTERMENT #1 – Paint All Exposed Structural Steel in Maintenance Bays 
and Tank Area. 
1. Baseline Requirement:  Factory prime coat at underside of floor or roof deck and at 

structural steel or provide the following finish. 
a) Coating Vehicle – alkyd 
b) Coating Finish – primer 
c) Surface Preparation – SSPC-SP2 
d) 1 Coat Kem Kromik Universal Metal Primer 

2. Betterment: 
a) Coating Vehicle – acrylic 
b) Coating Finish – primer/finish 
c) Surface Preparation – SSPC-SP2 
d) 1 Coat Kem Kromik Universal Metal Primer 
e) 2 Coats Industrial Enamel 

B. GOVERNMENT BETTERMENT #3 – Epoxy Floor Paint at Maintenance Bays and Tank Area. 
1. Baseline Requirement:  includes all support areas not receiving finish flooring: 

a) Coating Vehicle – moisture cured urethane 
b) Coating Finish – gloss 
c) Surface Preparation – SSPC-SP13 NACE 6 
d) Topcoat - 2 coats ArmorSeal Rexthane I Floor Coating with slip-resistant 

additive. 
2. Betterment:  pigmented, two-component, aliphatic polyester-urethane performance 

topcoat over two-part epoxy coating based on a Duraflex system for hangar floors; equal-
performing substitutes will be considered. 
a) Slab preparation – mechanically profiled, shot-blasted. 
b) Primer – “Duraglaze Tie-Coat” 
c) Base Coating – “Dur-a-Gard”, 2 coats 
d) Top Coating – “Poly-Thane 3”, 2 coats; in light color with slip-resistant additive. 

C. Gypsum Wall Board Surfaces 
1. Coating Vehicle – latex 
2. Coating Finish– primer 
3. Surface Preparation – S-W8 
4. Primer - 1 coat PrepRite 200 Interior Latex Primer (B28W200) 
5. Coating Vehicle – latex 
6. Coating Finish – satin 
7. Topcoat - 2 coats ProClassic Waterborne Acrylic Satin, (B20) 

D. Masonry Surfaces - CMU, Concrete 
1. Coating Vehicle – latex 
2. Coating Finish – primer 
3. Surface Preparation – S-W3,5 
4. Primer - 1 coat PrepRite Masonry Primer (B28W300) 
5. Coating Vehicle – latex 
6. Coating Finish – satin 
7. Topcoat - 2 coats ProClassic Waterborne Acrylic Satin (B70) 
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E. Steel – Galvanized 
1. Coating Vehicle – acrylic 
2. Coating Finish – primer 
3. Surface Preparation – SSPC-SP2, SP3 
4. Topcoat - 1 coat DTM Acrylic Primer/Finish (B66W1) 
5. Coating Vehicle – acrylic 
6. Coating Finish – semi-gloss 
7. Topcoat - 2 coats DTM Acrylic Coating 

2.4.17  Suspended Acoustical Panel Ceiling – Materials 

A. Grid: 
1. 610mm x 1220mm (2’x4’) and 610mm x 610mm (2’x2’)15/16” exposed tee. 
2. Classification: Heavy-Duty 

a) Main Beam Load: 1220mm (4’) hangar spacing, minimum 16.0 pounds per linear 
foot. 

b) Cross Tee Load: 1220mm (48”)length, minimum 13.85 pounds per linear foot. 
3. Seismic Performance: Classified for zone 4. 
4. Fire Resistance:  Install per UL fire resistive design where required to meet hourly rating. 

B. Acoustic Panels: 
1. Classification: ASTM E 1264; Type 111, Form 2, Pattern CDK 
2. Light Reflectance:  Minimum 0.81 
3. Size 610mm x 1220mm (2’x4’)and 610mm x 610mm x 19mm (2’x2’x ¾”) 
4. NRC: minimum 0.50. 
5. CAC: minimum 35. 
6. Surface Burning Characteristics: ASTM E 1264; Class A, Flame Spread 25 or under. 
7. Acoustical ceilings shall comply with CISCA - Acoustical Ceilings Use and Practice. 
8. Installation: Install grid and panel per manufacturer’s written Instructions and best 

industry practices. 
9. Warranty: Provide one-year warranty against sagging and warping of panels. 

2.4.18 D/B Contractor-Proposed Betterments: All D/B contractor-proposed betterments shall conform to 
the performance criteria outlined in this section. 

2.4.19 Prohibited Items: The following items are prohibited from inclusion in proposals: 

A. Vinyl wall base 

B. PVC Roofing 

C. Roof gutters 
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PART 2  MINIMUM DESIGN CRITERIA 

2.5 STRUCTURAL DESIGN CRITERIA 

2.5.1 References 

A. Structural design and design documents shall be in accordance with the following codes and 
regulations, and shall conform to the standards recognized by the codes and regulations.  If 
dates are not given for reference standards or criteria, the latest edition is to be used.  Where 
reference is specifically made from this narrative to other sections of the overall “Request for 
Proposal” document or from other sections to this section, the criteria stated here in this section 
shall govern.  Specific design loads, the materials, the strength and quality of the materials 
indicated here in shall be considered minimums.  If design loads, material(s) or materials(s) as 
components of a system are not specifically prohibited from the project and they meet the 
requirements of the specified codes, they may be included in the project.  Structural design 
shall be provided for elements that are not part of the structural system, but provide support for 
other facility system(s). 
1. American Association of State Highway and Transportation Officials (AASHTO) 
2. American Concrete Institute (ACI): 

a) ACI 318 Building Code Requirements for Structural Concrete and Commentary 
b) ACI 315Manual of Standard Practice for Detailing Reinforced Concrete Structures 
c) ACI Manual of Concrete Practice, Part 1 through Part 5 
d) ACI 530 Building Code Requirements for Masonry Structures 

3. American Institute of Steel Construction (AISC) 
a) AISC ASD  9th Ed., Allowable Stress Design, Manual of Steel Construction 
b) AISC LRFD2nd Ed., Load & Resistance Factor Design Specification for Structural Steel Buildings and Manual of Steel Construction
c) AISC Pub No. S341 (1997) Seismic Provisions for Structural Steel Buildings 
d) AISC Pub No. S341s (2001) Seismic Provisions for Structural Steel Buildings, Supplement No. 2

4. American Iron and Steel Institute (AISI) 
a) AISI Cold Formed Steel Design Manual 

5. American Welding Society (AWS) 
a) AWS  D1.1, Structural Welding Code – Steel 

6. American National Standards Institute/American Society of Civil Engineers (ANSI/ASCE) 
a) ASCE 7 Minimum Design Loads for Buildings and Other Structures 

7. Federal Emergency Management Agency, National Earthquake Hazards Reduction 
Program (FEMA) 
a) FEMA 302(1997 edition) NEHRP Recommended Provisions for Seismic Regulations for New Buildings, Part 1 
b) FEMA 303(1997 edition) NEHRP Recommended Provisions for Seismic Regulations for New Buildings, Part 2 

8. International Building Code (IBC), 2000 edition 
9. National Concrete Masonry Association Publications 
10.  Masonry Institute of America Publications 
11.  Steel Deck Institute (SDI): SDI Design Manual and Diaphragm Design Manual 
12.  Steel Joist Institute (SJI): SJIStandard Specifications, Load Tables and Weight Tables for Steel Joists and Joist Girders
13.  Unified Facilities Criteria (UFC) 

a) UFC 1-200-01 Design: General Building Requiements 
14.  Military Design Manuals (DM), Technical Instructions (TI), Engineering Instructions (EI), 

Technical Letters (TL) and Technical Manuals (TM) 
a) TI 800-01 Design Criteria 
b) TI 809-01 Load Assumptions for Building 
c) TI 809-02  Structural Design Criteria for Buildings 
d) TI 809-04 Seismic Design for Buildings 
e) TI 809-06 Masonry Design for Buildings 
f) TI 809-26 Welding Guidance for Buildings 
g) TI 809-27 Concrete Floor Slabs on Grade Subject to Heavy Loads 
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h) TI 809-29 Structural Considerations for Metal Roofing 
i) TI 809-30 Metal Building systems 
j) TI 809-52 Commentary on Snow Loads 
k) TM 5-853-1,2,3  Security Engineering, Vol. 1, 2, & 3,  

 

2.5.2 General Information 

A. The Design-Build contractor’s Structural Engineer of Record shall be responsible for the design 
of the complete structural system for the buildings.  Complete structural system for the buildings 
shall include foundations, walls, roof framing, floor and roof diaphragms, lateral load stability, 
framing and connection of any architectural features, and support and bracing of mechanical 
and electrical related structures, although they may be shown on other disciplines’ drawings.  
The structural engineer is also responsible for the design of all lesser structures.  Related 
structural design shall be compatible with the architectural design.  The structural design 
drawings and calculations shall be sealed by the engineer in responsible charge.  The engineer 
shall be licensed as a civil engineer in the State of Alaska.  

 

2.5.3 Minimum requirements 

A. All buildings must have complete gravity and lateral force resisting structural systems.  Any 
system or method of construction to be used shall be based on a rational analysis in 
accordance with well-established principles of mechanics.  Such analysis shall result in a 
system that provides a complete load path capable of transferring all loads and forces from 
their point of origin to the load-resisting elements. 

B. The building systems shall be capable of withstanding design forces from wind and earthquake 
loading.  The total lateral force shall be distributed to the various vertical elements of the lateral 
force resisting system in proportion to their rigidities considering the rigidity of the horizontal 
bracing system or diaphragm.  Rigid elements that are assumed not to be part of the lateral 
force resisting system may be incorporated in buildings, provided that their effect on the action 
of the system is considered and provided for in the design.  Provisions shall be made for the 
increased forces induced on resisting elements of the structural system resulting from torsion 
due to eccentricity between the center of application of the lateral forces and the center of 
rigidity of the lateral force resisting system. 

C. Buildings and other structures shall be designed to sustain local damage with the structural 
system as a whole remaining stable and not being damaged to an extent disproportionate to 
the original local damage.  This shall be achieved through an arrangement of the structural 
elements that provides stability to the entire structural system.  This shall be accomplished by 
providing sufficient continuity, redundancy, or ductility, or a combination thereof, in the 
members of the structure. 

D. Where specific design codes, standards, and regulations are not noted, structural design shall 
be in accordance with US Army Corps of Engineers Technical Instructions and Technical 
Manuals.  Material designs may be completed using other industry standard references in 
conjunction with the referenced organizations within.  In case of conflicting requirements, the 
more stringent design criteria shall govern. 

E. The environmental conditions of the project location, including temperatures, shall be considered 
in the design of all structures. 

2.5.4 Design Loads 
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A. Building Category:  The new hangar is classified as a special occupancy facility (ASCE 7 
Category III).  Importance factor for this classification is 1.15 for wind and 1.10 for snow.  

B. Dead Loads:  Dead loads will be according to the actual weight of materials.  Weights of various 
building materials will be taken from applicable tables of ASCE 7.  Actual weight of equipment, 
mechanical, electrical and piping shall be used in design of the supporting structure. 

C. Live Loads:  Live loads will be according to requirements of ASCE 7.  The following live loads 
are anticipated for this facility: 
1. Office Areas    
2. Corridors and Stairs    
3. Ceilings structure over ancillary areas 6.00 kPa 

D. Snow Loads: 
1. Snow loads will be in accordance with ASCE 7 and CEPOA-EN-TE-ST criteria.   
2. Ground snow load shall be 3.10 kPa.   
3. Minimum roof snow load shall be 1.90 kPa times Is. 
4. Drift loading and unbalanced loading will be in accordance with ASCE 7 requirements. 

E. Wind Loads:  Wind loads per ASCE 7.  Design wind speed (3 second gust) is 45 meters per 
second, exposure “C”.  Consideration shall be given to wind uplift pressure for the roof system 
and shall be shown on the drawings. 

F. Seismic Loads: 
1. Seismic loads shall be per IBC 2000 and UFC 1-200-01.  Controlling lateral accelerations 

are as follows: 
a) Seismic Use Group =  “II”, Special Occupancy Facilities (High Value Equipment) 
b) Ss = 1.50g, 0.2 Sec. Period Spectral Acceleration 
c) S1 = 0.55g, 1.0 Sec. Period Spectral Acceleration 
d) Importance factor, Ie = 1.25 

2. The dead load for seismic mass shall include 20% of the roof snow load. 

G. Special Loads: 
1. Floors, aprons, grates, utilidor lids and other items in traffic areas shall be designed to 

support F-15 and F-22 aircraft wheel loads.  Maximum design wheel loads: 
a) F-15E:  2100 kPa main gear tire pressure, 0.0745 square meter contact area.  

Maximum weight, fully fueled, no weapons – 33,566 kG 
b) F-22:  2010 kPa main gear tire pressure, 0.066 square meter contact area.  

Maximum weight, full internal fuel, no weapons – 28,123 kG 
2. Ceiling structure over interior office, tool room, restrooms, mechanical rooms, etc. shall 

be designed for 6.00 kPa live load for future storage areas.  

H. Non-Structural Components:  Non-structural components (mechanical and electrical equipment, 
piping, ductwork, lights, suspended ceilings, etc) shall be restrained against seismic loads.  
Industry standards may be utilized where allowed by code.  For other elements, restraint shall 
be designed. 

2.5.5 Concrete 

A. Structural concrete shall be in accordance with ACI 318, minimum 28-day compressive strength 
= 28 MPa.  The reinforcing of concrete walls, continuous footings, ties and bond beams shall be 
continuous and typical details showing the arrangement of reinforcing at corners and 
intersections of these members shall be shown on the drawings. 
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B. Concrete mix design shall be approved by the Structural Engineer of Record and shall be 
suitable for the site weather conditions.  At a minimum, air entrainment will be 4 to 6 percent 
and water to cement ratio a maximum of 0.45. 

C. Reinforcing shall be bars.  Welded wire fabric is prohibited in slabs on grade construction.   

2.5.6 Reinforced Masonry 

A. Normal weight concrete masonry units, grade N-1, type S mortar, f’m = 10 Mpa. 

B. Concrete grout fill f’c = 14 MPa, pea gravel aggregate, maximum W/C ratio = 0.56, 200-mm to 
250-mm maximum slump.  Grout all cells above and below grade. 

C. Reinforcing steel per ASTM A615, Grade 60 and ASTM A706 for welded reinforcing steel. 

2.5.7 Structural Steel 

A. Structural steel design and construction shall be in accordance with the American Institute of 
Steel Construction.  All structural steel shall be shop primed.  After erection, the field bolt heads 
and nuts, field welds, and any abrasions in the shop coat shall be cleaned and primed with 
paint of the same quality as that used for the shop coat.  

B. Structural steel shall conform to ASTM A36, A572 or A992, rolled sections and plates; ASTM 
A500, Grade B for tube sections. 

C. Shop connections for structural steel shall be welded and, in general, field connections will be 
made with high strength bolts, ASTM A325 or A490 type connections.  Load indicating washers 
or “twist-off” type bolts shall be used to indicate correct pre-tensioning of bolts.  All connections 
shall be detailed on the final plans. 

D. Steel Joists shall be designed, fabricated and erected in accordance with Steel Joist Institute 
Standard Specifications and Load Tables. 

E. Steel stud wall systems may be used for interior non-bearing walls.  Steel studs shall conform to 
the AISI specifications with galvanized finish. 

2.5.8 Metal Deck  

A. Design and construction shall be in accordance with Steel Deck Institute design manuals and 
load tables.  Required section modulus and moment of inertia shall be shown on the drawings.   

B. Minimum deck thickness shall be 0.75-mm (20 gauge) and shall have a minimum G60 
galvanized coating.  Button punching of roof deck diaphragm is not allowed. 

2.5.9 Pre-Engineered Metal Building System 

A. Pre-engineered metal building system shall be fully designed, detailed and stamped by a 
registered civil or structural engineer.  Design drawings and design analysis must be submitted 
with each submittal package as described in SECTION 01012.  A pre-engineered metal 
building system shall not be treated as a shop drawing type of submittal but must be part of the 
normal design review process. 

B. Lateral wall bracing shall be comprised of members capable of resisting both tensile and 
compressive forces.  Tension-only “rod” bracing is not allowed. 
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2.5.10 Submittals 

A. Submittals shall be prepared by suppliers and submitted to the contractor and engineer of record 
for review and approval.  Provide copies of final approved submittals bearing the contractor’s 
and engineer of record’s review stamps to the Corps of Engineers for information only in 
accordance with SECTION 01015. 

B. Shop drawings for fabrication, bending and placement of concrete reinforcement.  Indicate grade 
of steel on shop drawings.  Comply with ACI 315 “Manual of Standard Practice for Detailing 
Reinforced Concrete Structures” showing bar schedules, diagrams of bent bars, and 
arrangement of concrete reinforcement. 

C. Mix design for concrete, mortar, and grout.  Testing for mix designs, using materials proposed 
for work in this project, shall have been performed not more than six months prior to placement 
of the mix in this project. 

D. Shop drawings for structural steel, steel joists, and steel decking showing layout, including 
complete details and schedules.  Show assembly for structural steel, joist types, and metal 
decking types. 

E. Calculations and drawings for steel joists shall be stamped by a registered engineer.  
 

2.5.11 Inspections and Tests 

A. Provide inspection and testing of structural materials and construction through independent test 
agencies and laboratories. 

B. Testing and inspection shall be specified by the structural engineer of record based on the 
design methods and materials used.  At a minimum, regular inspection and Special Inspection 
requirements shall conform to the requirements in IBC 2000, TI 809-02 and FEMA 302. 

C. At a minimum, field quality assurance shall include sampling and testing of concrete during 
placement for temperature, air content, and slump.  Strength test cylinders shall also be 
obtained. 

2.5.12 Force Protection 

A. Force protection is required for buildings with respect to standoff distances and window 
protection; see Civil and Architectural Design Requirements. 

2.5.13 Geotechnical 

A. The Design-Build contractor’s Geotechnical Engineer of Record shall be responsible for 
preparing design recommendations for the foundation system for the buildings and site 
features.  The foundation recommendation report shall be sealed by the engineer in 
responsible charge.  The engineer shall be licensed as a civil engineer in the State of Alaska.  
A report, titled “Geotechnical Findings Report New Fuel Systems Maintenance Dock, Site 3, 
(ELM 179)” dated October, 2002 has been prepared for this project by the Government (see 
appendix 4).  However, it is the Contractor's responsibility to provide any additional fieldwork 
deemed necessary. 

2.5.14 Acceptable Building Systems 
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A. The following building systems are acceptable for this project, however other building systems 
meeting the requirements listed above and not specifically prohibited may be used.   
1. Cast in place concrete foundations. 
2. Concrete slabs on grade. 
3. Structural steel post and beams. 
4. Engineered metal trusses. 

2.5.15 Options and Government Betterments 

A. Fourth Maintenance Bay is identified as Option 1 in the Proposal Schedule.  See SECTION 
01010 paragraph 1.3 Options. 

2.5.16 D/B Contractor-Proposed Betterments 

A. All D/B Contractor-Proposed Betterments shall conform to the criteria outlined above. 

2.5.17 Prohibited Items 

A. Items that do not meet the minimum requirements listed are not allowed for the structures of this 
project.  Specific systems prohibited include: 
1. Light gauge cold-formed stud bearing walls. 
2. Tension-only rod lateral bracing system.  Lateral force resisting system braces must be 

designed to resist both tensile and compressive forces. 
3. Metal strap lateral bracing system.   
4. Slab on grade reinforcement shall be re-bar only.  Welded wire fabric is not allowed. 
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PART 2  MINIMUM DESIGN CRITERIA 

2.6 MECHANICAL DESIGN CRITERIA 

2.6.1 Summary 

A. These specifications and the Room Criteria Sheets constitute the basis for the building 
mechanical design and construction of the New Fuel Systems Maintenance Dock replacement.  
The contractor may use alternative design solutions and materials to meet the technical 
performance criteria.  The alternative design solutions must provide methods, materials, 
workmanship, and quality of installation equal to, or better than, the minimal requirements of 
this specification section.  Use metric units for design and construction. 

B. Specific requirements listed herein take precedence over conflicting requirements in the 
referenced documents. 

2.6.2 Scope 

A. Design and furnish all construction documents, labor, materials, equipment, supervision of labor, 
and performance of all operations required to completely install satisfactorily operating 
mechanical and plumbing systems.  Major items of work include, but are not limited to, the 
installation of the following systems: 

B. General Mechanical Materials and Methods. 
1. Plumbing 
2. Oil Water Separators 
3. Natural Gas Piping 
4. Gas Fired Ceiling Radiant Heating 
5. Hanger Door Snowmelt system 
6. Hydronic (Glycol) Heating 
7. Ventilation Systems 
8. Controls and Instrumentation 
9. Mechanical Rooms 
10.  Shop Air 
11.  Breathing Air 

C. Code Reference and Industry Standards Criteria:  The design and construction shall comply with 
the latest editions of the following guides and standards and local codes and ordinances.  
Military publications can be obtained at the website: www.usace.army.mil. 
1. International Building Code (IBC) 
2. Air Moving and Conditioning Association (AMCA) 
3. American Society of Heating, Refrigeration and Air Conditioning Engineers (ASHRAE) 
4. American Gas Association (AGA) 
5. American Society of Mechanical Engineers (ASME) 
6. National Fire Protection Association (NFPA) 
7. International Plumbing Code (IPC) 
8. American Society for Testing Materials (ASTM) 
9. American Water Works Association (AWWA) 
10.  American Welding Society (AWS) 
11.  Hydraulic Institute (HI) 
12.  National Bureau of Standards (NBS) 
13.  National Electrical Code (NEC) 
14.  National Electrical Manufacturers Association (NEMA) 
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15.  Underwriters' Laboratories, Inc. (UL):  All equipment shall bear the UL label or equivalent 
from a nationally recognized testing agency acceptable to the authority having 
jurisdiction. 

16.  American National Standards Institute (ANSI) 
17.  Sheet Metal and Air Conditioning Contractors' National Association (SMACNA) 
18.  International Mechanical Code (IMC) 
19.  Air-Conditioning and Refrigeration Institute (ARI) 
20.  International Fire Code (IFC) 
21.  All base materials shall comply with standards of ASTM and ANSI. 
22.  Occupational Safety and Health Administration (OSHA). 
23.  Environmental Protection Agency (EPA) 
24.  National Environmental Balancing Bureau (NEBB) 
25.  MIL-HDBK-1008C Fire Protection for Facilities Engineering, Design and Construction 
26.  MIL-HDBK-1028/1C Aircraft Maintenance Facilities 
27.  Corps of Engineers Guide Specifications 
28.  State of Alaska, Department of Environmental Conservation Requirements 
29.  COE TI 809-04 Seismic Design for Buildings 
30.  COE T.O. 1-1-3 Inspection and Repair of Aircraft Integral Tank and Fuel Cells 
31.  ETL 1110-3-466, Selection and design of oil/water separators at Army Facilities 

D. General Design Conditions:  the mechanical systems for this facility shall be designed in 
accordance with the references listed above and for the design conditions listed below. 

 
Project Location: Elmendorf AFB, Alaska 
Elevation: 
 

58.5 m  

Heating Degree Days: 
       (Base 18° C) 
 

6,041 °C-Day  

Outside Design Air Temperatures:   
 Winter: -27°C. DB 
 
 
 

Summer: 22° C. DB 
16° C. WB 

Inside Design Air Temperatures:   
        Maintenance Bay Winter: 18° C. DB 
        Other Occupied Areas Winter: 22° C. DB 
        Mech/Elec/Storage Rooms Winter: 13° C. DB 

 

E. General Mechanical Materials and Methods: 
1. Design decisions will be based on life cycle cost determinations and the impact on 

productivity and operating efficiency of the functions of the facility.  Studies of other 
analysis will be made to consider the life cycle cost of the facility to arrive at an 
economical cost that takes into consideration not only the initial construction costs, but 
also the operating and maintenance costs of the building and its associated impact on the 
mission performance over the anticipated life of the facility. 

2. Full access for maintenance of mechanical equipment shall be provided.  The area or 
structure where HVAC equipment is located and the equipment itself shall allow sufficient 
clearance for removing coils and filters without having to remove piping, structure, doors 
or other surrounding items.  Access to all mechanical equipment shall be unhindered and 
a minimum of 1 m wide by 2 m high.  Access shall not require crawling over or under 
structure, pipes or other items.  Stairs with handrails shall be provided when equipment is 
located in a basement, on a roof or on a mezzanine greater than 460 mm above finished 
floor.  Catwalks, operating platforms, ladders, and guardrails shall be provided where 
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needed to provide reasonable access for maintenance of equipment located in any attics 
or suspended in high bay areas. 

3. Framed instructions laminated in plastic, including wiring, sequence of operations and 
control diagrams showing the complete layout of the entire system, shall be posted.  
Condensed operating instructions explaining preventive maintenance procedures, 
methods of checking the system for normal safe operation, and procedures for safely 
starting and stopping the system shall be prepared in typed form, framed as specified 
above for the wiring and control diagrams and posted beside the diagrams.  The framed 
instructions shall be posted before acceptance testing of the systems. 

F. Operating and Maintenance Data: 
1. Provide six (6) sets of each type of instructions, bound together in D-ring metal ringed 

hardcover binders with removable pages, with a typewritten index indicating location of 
items in the work. Any information not pertinent to this work shall be deleted or neatly and 
completely lined out.  Binders shall be of capacity to allow a minimum of 20 percent 
expansion.  Contractor shall provide 20 hours of training on controls including start 
up/shutdown and maintenance/calibration.  O & M DDC controls training sessions shall 
be video recorded, and the tape shall be included with the final O&M documentation. 

2. O & M training shall be provided by the contractor.  A 95% submittal of corrected contract 
drawings indicating as-built conditions shall be submitted 15 calendar days prior to 
scheduled O & M training.  Deficiencies found during O & M training shall be corrected by 
the contractor, and updated drawings shall be submitted no more than 15 days after 
completion of training. 

3. The Contractor shall prepare operating and maintenance instructions containing 
information to operate, prolong service life or replace parts of the work.  Operating and 
maintenance data shall specifically include: 
a) List of all contractors and subcontractors names, addresses and telephone 

numbers. 
b) List of all equipment and material manufacturers' local representatives and 

suppliers and their addresses and telephone numbers. 
c) Pipe and duct identification schedules. 
d) Nameplate directory with a list of all equipment indicating designation, location of 

equipment, manufacturers' name, model number, serial number, electrical 
characteristics, primary control switch location and normal position of switch. 

e) Valve directory indicating valve number, size, location, function, service, type and 
normal position. 

f) Air and hydronic test and balance report. 
4. Equipment Literature:  Literature shall be grouped together by system, i.e., plumbing, 

heat generation, etc.  For all equipment, fixtures, devices, valves and specialties, provide 
the following: 
a) Manufacturer's data sheets and cut sheets. 
b) Model and serial numbers. 
c) Capacity curves, charts and calculations. 
d) Electrical characteristics. 
e) Replacement parts list. 
f) As-built equipment piping diagrams. 
g) As-built equipment wiring diagrams. 
h) Manufacturer's instructions for operation and maintenance. Completely mark out 

on all   literature sheets all non-applicable items. Where piping and wiring 
diagrams are not available from the manufacturer, they shall be produced by the 
Contractor. 

i) Control Drawings with terminals wire numbers and sequence of operations. 
j) A copy of the as-built DDC block programming print.  

5. System Description:  For each system section, the Contractor shall produce and include 
a basic system narrative description.  Each narrative shall be comprised of the following: 
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a) Brief system description, including sequence of operation. 
b) Basic system function discussion, including any interaction with other systems or 

components. 
c) Primary system preventive maintenance procedures. 
d) How to isolate all major components. 
e) How to drain, fill and vent liquid system. 
f) How to drain, clean and refill all tanks, pumps and tube bundles. 
g) How to clean coils and change air filters for air systems. 
h) Emergency shutdown procedures. 

6. Master Maintenance Schedule:  List each item of equipment requiring inspection and 
maintenance, showing required component maintenance and the intervals when such 
inspection and maintenance shall be performed (daily, weekly, monthly, semi-annually, 
etc.).  For each item, reference the page within the maintenance manual, where detailed 
manufacturer's maintenance instructions can be found. 

7. All equipment shall be protected from corrosion.  For products with protective coatings, 
specifications shall be written to require the products’ corrosion protection bond to pass 
one of the industry standard adhesion tests. 

8. All mechanical systems, equipment, and controls installed outside heated spaces shall be 
designed and rated for the ambient condition in which they are installed. 

G. Testing, Adjusting and Balancing 
1. The facility heating, ventilation and air conditioning systems shall be tested, adjusted and 

balanced in accordance with the standards established by the National Environmental 
Balancing Bureau (NEBB) or American air Balance Council (AABC). Standard forms shall 
be used. All work shall be performed in accordance with UFGS 15990A, Testing, 
Adjusting, and Balancing of HVAC Systems. 

2. The final balance point setting of all HVAC adjustment devices including valves, splitters 
and dampers shall be permanently marked so that adjustment can be restored if 
disturbed at any time. 

3. The TAB Specialist shall review all design documents prior to construction, submit all 
recommendations to Contractor, and include this information in TAB report. 

4. The TAB Specialist shall witness all ductwork leakage tests. 
5. The Test and Balance Report must be submitted for review a minimum of 30 days prior to 

proposed date for Final Inspection. 
6. The TAB Specialist shall be either a member of AABC or an experienced technician of 

the Firm certified by the NEBB. The certification shall be maintained for the entire 
duration of the duties required for the project.  If for any reason the specialist loses 
subject certification the Contractor shall immediately notify the Contracting Officer and 
submit another TAB Specialist for approval. All work performed by the TAB Specialist 
shall be considered invalid if the TAB Specialist loses its certification prior to contract 
completion, and the work must be performed by the approved successor. 

H. HVAC System Commissioning 
1. Perform HVAC commissioning. Procedures for documenting and verifying the 

performance of all mechanical systems shall be in conformance with UFGS 15995A, 
Commissioning of HVAC Systems. 

2. The contractor shall designate team members to participate in the pre-commissioning 
checks and the functional performance testing specified in UFGS 15995A. In addition, the 
Government will be represented by a representative of the Contracting Officer, the 
Design Agent’s Representative, and the Using Agency. The team members shall be as 
follows: 

 
Designation Function 
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Q Contractor’s Chief Quality Control Representative 
M Contractor’s Mechanical Representative 
E Contractor’s Electrical Representative 
T Contractor’s TAB Representative 
C  Contractor’s Control Representative 
D Design Agent’s Representative 
O Contracting Officer’s Representative 
U Using Agency’s Representative 

3. Each checklist shown in UFGS 15995A shall be completed by the commissioning team. 
Acceptance by each commissioning team member of each pre-commissioning checklist 
item shall be indicated by initials and date unless an “x” is shown indicating the individual 
is not required. 

I. General Piping Minimum Requirements: 
1. The following items are typical for all piping installations. 

a) Close all openings in pipes with appropriate caps, plugs or covers during 
progress of the work to preclude introduction of undesirable materials or 
contaminants. 

b) Slope all pipelines and provide low point drains, using hose end gate valves and 
AM#16…provide …AM#16 high point vents, using specified automatic air vents. 
AM#16… All air vents shall have the discharge piped down to the nearest floor 
drain or terminated 6 inches above floor where floor drains are not located with 
the same area as the vent. …AM #16 

c) Provide valves and unions adjacent to all tanks and equipment for isolation and 
removal purposes.  All valves shall be installed with stems vertical wherever 
possible, and in no case shall stems be oriented below horizontal. 

d) Ream ends of all pipes to full diameter free of burrs, nicks and sharp edges. 
e) Cut pipe accurately from measurements taken on the site.  Springing or bending 

to fit on make up pipe will not be permitted. 
f) Bushings will not be permitted except on tanks and similar equipment. Close 

nipples will not be permitted. 
g) Reduction of pipe sizes shall be made with reducing tees or reducing fittings. 
h) All pipelines except piping under slab on grade shall be installed parallel with 

building lines and as high as possible.  Piping shall clear all doors, windows and 
other openings.  Avoid all ducts, light fixtures and similar equipment and conceal 
in finished areas wherever possible. 

i) Piping shall be supported in a manner to prevent binding, undue swing and 
vibration transmission to the structure. 

j) Where multiple pipes are clustered and routed in parallel, use trapeze hangers. 
k) Piping within finished rooms shall be concealed above suspended ceilings or 

within new walls and pipe chases. 
l) Coordinate the placement of concealed items requiring future maintenance, 

adjustment or replacement in such a manner that provides full access from an 
access panel, door, or suspended ceiling.  Where needed, provide the access 
panel or door to these items. 

m) Threaded Joints:  Apply Teflon tape to male equipment threads. 
n) Soldered Joints:  Use Type 95/5 Tin-Antimony or an IAPMO approved,  lead-free 

solder, for copper tubing. 
o) Ring gaskets, spiral wound with centering ring, shall be used with all flanges. 
p) Arrange piping along walls in horizontal groups, each group to be in one plane. 
q) All non-factory finished piping, insulated and non-insulat ed, and pipe/equipment 

supports shall be painted. AM #16… All pipe and equipment supports located on 
or within 12 inches of the floor shall be primed and painted with two coats of paint 
prior to installation.  …AM #16 
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r) Locate thermometers and gauges to permit observation by personnel standing 
on floor.   

s) Provide instrument cocks at pressure gauges. 
t) Provide insulating couplings, dielectric nipples or flanges to prevent electrolysis 

at dissimilar metal piping connections.   
u) Unions for copper piping shall be brass. 
v) Field check all valves for packing and lubricant. Replace leaking packing. 
w) Install valves to be accessible from floor level.  Do not install valves with stem 

pointing downward. 
x) Provide isolation valves near all mechanical equipment requiring service.  

Provide isolation valves at each toilet group, for hot and cold water supply. 
y) Provide valves same size as line size.  All ball valves shall be full port. 
z) Install swing checks and gravity closing lift checks in horizontal position. 
aa) Provide gate blowdown valves and hose adapters at strainers, valves shall be 

the same size as strainer blowoff connection.  Provide end caps at all hose 
adapters and drain down valves. 

bb) Provide nickel or chrome-plated escutcheons on all pipes passing through walls, 
floors and ceilings in finished areas, and where piping is in corridors, closets or 
cabinets and subject to view when doors are open.  Escutcheons shall cover the 
pipe sleeve and shall be set with screws or springs for holding plate in position. 

2. Design and install piping with provisions for expansion and contraction using expansion 
loops, swing or expansion joints where required.  Provide for expansion and contraction 
in mains, risers, and runouts.  Do not spring or force piping during installation. 

3. Flush all piping systems with clear water.  Operate valves and other system components; 
drain and sterilize domestic water systems in accordance with requirements of AWWA 
C601 entitled: "Disinfection of Mains". 

4. Test all piping systems before concealing piping.  Before testing, isolate or remove all 
equipment from system that would be damaged by test pressure.  Purge or bleed air from 
piping systems before performing hydrostatic testing. Perform hydrostatic or pneumatic 
tests on piping in accordance with the following schedule.  Maintain pressure for at least 
24 hours.  

  
 System   AM#16…                          Test                     Test       
                                                         Medium               Pressure   
 
 Heating Water                                 Water                   1050 kPa 
 Domestic Water                               Water                   1050 kPa       
 Soil and Waste                                Water                    30 kPa, or top of vent    
 Rain Water Leaders                        Water                    30 kPa, or top of roof 
 Natural Gas (low pressure)             Air                         105 kPa    …AM#16 

2.6.3 Pipe Sleeves: 

A.  Provide sleeves where pipes pass through walls, floors or ceilings.  Sleeves in bearing walls, 
foundations, masonry or concrete walls and slabs shall be black steel pipe.  AM #16… Sleeves 
shall be set in place during the construction of the walls and floors. …AM#16 All sleeves 
through frame or similar construction shall be 20 gauge galvanized sheet metal with edges 
turned 15 mm, installed flush with both sides of wall partition.  All sleeves shall be flush with 
surfaces except mechanical rooms, basement floor and any wet floor area where seepage may 
occur.  In such areas the sleeves shall project a minimum of 25 mm above floor. 

B. Size sleeves to allow 15 mm annular space between pipe insulation, or the bare pipe, and the 
pipe sleeve. The space between pipe and sleeve shall be filled with mineral wool or other non-
combustible material to prevent passage of fire and smoke.  The non-combustible material shall 
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be caulked between pipe and sleeve at wall surface.  The caulking shall have suitable smoke 
and flame retarding capabilities for the application as evidenced by U. L. testing and labeling. 

C. Where sleeves are installed in walls with high sound transmission loss or sleeve serves 
vibration-isolated pipe, sufficient space shall be provided between pipe and sleeve and packed 
with multiple layers of high-density sponge neoprene to reduce transmission of sound.  Allow 
space on each side of opening and cover neoprene with non-combustible material and 
caulking, as required to seal opening in accordance with above requirements.  Provide sound 
dampening sleeves at all mechanical room, fan room and conference room penetrations. 

D. For piping passing through sleeves in areas containing floor drains and in waterproof 
construction, caulk annular space between pipe or pipe insulation and the enclosing sleeve to 
attain a watertight installation.  Caulk and finish with sealing compound. 

2.6.4 Piping Hangers and Supports 

A. All piping within the confines of the building walls shall be rigidly supported from the building 
structure by means of hangers or supports. 

B. Support piping to maintain required grading and pitching of lines, to prevent and/or dampen 
excessive vibration, to secure piping in place and prevent any undue stain on the connected 
equipment.   Lateral support against earthquake-induced forces shall be accomplished by  
positive attachments without consideration of friction. 

C. Arrange supports to provide for expansion and contraction. No drilling of structural members will 
be permitted. Hanger and supports shall have a minimum safety factor of 5, based upon 
ultimate tensile or compressive strength, as applicable of material used. 

D. Provide bracing to prevent lateral motion. 

E. Provide plastic coated hangers and supports for copper pipe. 

F. Provide galvanized hangers and supports for galvanized sprinkler piping. 

G. Do not support weight of piping from mechanical equipment, ductwork, pump flanges, coil 
connects, or piping of other trades and related items. 

H. Provide insulation shields between hanger or support and piping for insulated piping. AM#16… 
Select and size all pipe supports and hangars to allow continuous insulation through each.  
…AM#16 

I. Provide retaining clamp on all C-clamps and beam clamps. 

J. Chain or straphangers “plumbers tape“ will not be permitted. 

K. Support vertical lines at bases with riser clamps. 

L. Provide trapeze type hangers for multiple parallel horizontal pipes. 

M. Do not bend pipe hanger rods to provide alignment of piping offset from overhead supports. 

N. Provide additional support for heavy valves, specialties, and sway bracing where required. 
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O. Provide pipe guides, anchors and expansion joints for all heating pipes, with one guide on each 
side of every expansion joint. 

P. Remove rust from ferrous hanger equipment and rods, and apply one coat of rust inhibiting paint 
before, or immediately after, erection. 

Q. Pipe Hanger Schedule:  refer to UFGS 15070A, Seismic Protection of Mechanical Equipment for 
pipe hanger spacing and rod sizes. 

2.6.5 Component Identification 

A. Piping Identification 
1. Contractor shall provide pipe markers that identify all piping, including domestic hot and 

cold water piping, with approved color coded adhesive bands that show fluid type, piping 
system identification and directional flow arrows. 

2. Piping identification label to be black letters not less than 50 mm high. Directional arrows 
shall be black, not less than 50 mm long, on yellow background. Piping identification and 
directional arrows shall meet ANSI A13.1-81. 

3. Identify piping at 5 m centers in all rooms, as well as in all the other spaces (such as 
shafts) in which piping may be viewed. There shall be at least one set of identifying 
bands per pipe in each space requiring identifying bands.  In addition, the origination of 
each pipe main shall be further identified indicating the zone served. 

B. Valve Identification 
1. Identify valves in all areas with 50 mm x 100 mm identification tags installed on 

handwheels or stem with brass bead chain. Identification tags shall be engraved, 
indicating the service abbreviation, stating whether normally open (engraved on green) or 
normally closed (engraved on red).  Install tags with brass jack chain on handwheel or 
stem. 

2. Service abbreviation shall match piping service identification label.  In addition, each 
valve tag shall include a unique sequential identification number.  Where valves are 
located above suspended ceilings, provide colored pin markers in ceiling tiles to allow 
location of valves. 

C. Equipment Identification 
1. Manufacturer's nameplates shall be provided on all equipment identifying manufacturer's 

name, model number, size, capacity, and electrical characteristics.  Leave manufacturer's 
nameplates clean and legible. 

2. Identify all equipment with engraved identification tags showing symbol number and 
service as shown on the concept drawings.  Securely fasten identification tags to 
equipment. 

D. Identification Charts 
1. Provide charts framed with glass or plastic front.  Pipe identification chart shall list piping 

systems with symbol and color-coding where applicable.  Valve identification chart shall 
list valve model numbers and symbol for service corresponding to piping symbol.  Mount 
identification charts in Boiler room and AM#16… Fire Protection …AM#16 Equipment 
Room. 

E. Duct Identification 
1. Identify all primary outside, return, exhaust and supply air ducts with black-stenciled 

letters applied directly to duct or insulation, if applicable.  Supply air duct identification 
shall include zone or space served. 

2.6.6 Insulation 
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A. General: 
1. All insulation materials, including linings, jackets, facings, wet or dry adhesives, and 

vapor barriers, shall meet requirements of NFPA 90A.  Flame spread rating shall not 
exceed 25 and smoke developed rating shall not exceed 50, as defined in ASTM E84. 

2. Provide insulation on all hydronic heating and domestic water piping systems.  Insulation 
shall be fiberglass.  Provide complete with vapor barrier permeability rating of 1.149ng/s-
m2-Pa, and with a thermal conductivity of k=.036 W/m-K at 38 degrees C mean 
temperature. AM#16… Insulation shall be provided on all piping, flanges, valves, 
accessories and appurtenances for each system. Tanks, boilers, heat exchangers and 
pumps that are not factory insulated shall be required to be insulated in the field. …AM 
#16 

3. Provide PVC pipe fitting covers and seal ends of fiberglass insulation with mastic. 
4. Provide cold and refrigeration piping systems with a continuous vapor seal.  No staples or 

pins are permitted on cold water piping system insulation. 
5. All non-factory finished fiberglass insulation shall be finished with glass cloth and two 

coats of mastic. 
6. Piping insulation shall be continuous at all hangers and supports with rigid inserts and 

sheet metal shields. 
7. Rigid Insulation Inserts for Pipe:  Calcium silicate, or approved substitute, for installation 

between pipe and hanger.  Provide cellular foam glass inserts for all cold piping systems.  
Insulation inserts shall be not less than 150 mm long for 40 mm to 65 mm pipe, and 225 
mm long for 80 mm to 150 mm pipe; thickness equal to adjoining insulation. 

8. Galvanized Metal Shields:  16 gauge for 90 mm and smaller pipe, and 14 gauge for 100 
mm and larger; formed to fit the diameter of the insulation, extending up to the centerline 
of the pipe.  Length equal to insulation hanger inserts. 

B. Metal Jackets 
1. Aluminum jackets shall be 0.63 mm thick, have an embossed finish, and meet ASTM 

B209.  Jacket sections shall be joined using longitudinal slip joints with a minimum 2 
inches lap, caulk, and seal between all metal seams.  Jacket shall be secured with 12 
mm wide by 0.8 mm thick annealed stainless steel bands. 

2. Provide aluminum jackets on all insulated piping exposed in finished areas up to 3 m 
above finished floor AM#16… ,in mechanical equipment rooms and fire protection 
equipment rooms. …AM#16 

C. Piping Insulation 
1. Hydronic Heating Piping:  40 mm pipe and smaller, 25 mm thick; 50 mm to 150 mm pipe, 

40 mm thick. 
2. Domestic Hot, Cold, and Recirculating Piping:  All pipe sizes, 25 mm thick. 
3. Piping Subject to Outside Ambient Temperatures:  All pipe sizes, 40 mm thick. 
4. Roof Drainage: 25 mm thick. 
5. Plumbing vents:  1200 mm below roof insulation to termination above roof line, 25 mm 

thick. 

D. Ductwork Insulation: 
1. Provide exterior insulation on all outside air ductwork, outside air intake plenums, relief 

air discharge and 1200 mm upstream of exhaust ductwork.  Insulation shall be fiberglass 
with a k=0.035 W/m-K at 24 degrees C or better.  All insulated ducts shall be covered 
with 50 mm of insulation with a factory applied vapor barrier and multipurpose FSK 
facing. All non-factory finished fiberglass insulation shall be finished with glass cloth 
embedded with 2 coats of mastic. 

2.6.7 Vibration Isolation: 
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A.  Furnish and install vibration isolating mountings and hangers for all equipment having 
reciprocating or rotating parts and for any other equipment, piping, or vessels that produce or 
transmit objectionable vibrations, pulsations, or noises. 

B. Furnish vibration isolators in the proper load range for the weight of the equipment supported.  
The natural frequency of the isolator shall be one-third to one-fifth of the lowest vibration 
frequency of the equipment or system where the isolator is used.   When the equipment is 
mounted on a structure that is not rigid, the resilient mounts shall provide deflection that is at 
least four times the dead load deflection of the supporting structure.  Isolators shall be selected 
so that deflection of each isolator on a piece of equipment is essentially identical. 

C. The following listed equipment shall be fitted with earthquake bracing and snubbers for seismic 
control in Zone 4.  Analysis shall be performed by manufacturer supplying bracing and 
snubbers and data submitted for evaluation and approval.  Such items shall be as 
manufactured by Mason Industries, Inc. or approved equal. 
1. Air-handling units 
2. Boilers 
3. Heat Exchangers 
4. Expansion tanks 
5. Unit heaters, Radiant Heaters 
6. Hot water generators 
7. Utility fans 
8. Air Compressors 
9. All other central equipment, machinery, and tanks shall be fitted with bracing, anchors or 

snubbers for seismic control per COE TI 809-04.  Lateral support against earthquake-
induced forces shall be accomplished by positive attachments without consideration of 
friction.  Analysis and restraint design shall be accomplished by the Contractor and 
submitted for evaluation and approval. 

D.  Two nuts shall be provided on each bolt for equipment secured with cast in place, expansion or 
chemically bonded anchor bolts. 

E.  All vibrating equipment and the interconnecting pipe and ductwork shall be isolated to eliminate 
the transmission of objectionable noise and vibration from the structure. 

F.  Provide vibration hangars to support all piping and ductwork runs within the first 2 m nearest 
the connection to rotating equipment. 

G.  Vibration mounting isolators sizes shall be determined by the isolator manufacturer and shall be 
installed in accordance with the manufacturer's instructions. 

2.6.8 Plumbing System 

A. Provide a complete domestic water, waste and rainwater system designed and sized to serve all 
plumbing fixtures, and drains as described within this RFP and the room criteria sheets.  Slope 
all slabs to drains. 

B. AM#16…   Provide controls to automatically de-energize the oil/water separator upon activation 
of any of the Maintenance Bay Fire Protection systems.  …AM#16   

C. Design Criteria 
1. The domestic water, waste and rainwater systems shall be designed, sized, constructed, 

tested, and inspected, in accordance with the most recent International Plumbing Code 
and all local code amendments.  Do not connect storm drain to sewer piping service. 
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2. All domestic water piping shall be sized for a maximum pressure drop of 11.3 kPa/10m of 
piping, and a maximum velocity of 2 m/s. 

3. All rainwater leader sizing shall be based on a design rainfall intensity of 40 mm/hr.  
Terminate drainage above grade. Provide heated exterior trench or heated buried pipe to 
swale, or other suitable drainage feature to prevent glaciations and pedestrian hazard.  
The minimum leader pipe size shall be 80 mm.  Provide overflow roof drains, piping, and 
downspouts as per IPC.  Provide heat tape for all piping subject to freezing, especially at 
downspouts, etc. 

4. Provide a gas fired hot water heater sized in accordance to the ASHRAE 1999 HVAC 
Applications Handbook, Service Water Heating.  The domestic hot water supply 
temperature shall be set at 50 degrees C, adjustable. 

5. Only if a gravity sewer is unfeasible, the sewer service shall have a lift station with duplex 
pumps to discharge via a force main into the nearest utilidor main.  Locate lift stations 
inside Mechanical Rooms with high level alarm tied into the Building Automation System. 
Cover shall be gas tight. 

6. Multiple sewer main connections are permissible, if deemed cost effective. 
7. Install a domestic service water meter with strainer and a three-valve, by-pass line. 
8. Floor drains shall be located at all low points of floors in rooms with plumbing; install trap 

primers, unless indicated otherwise. AM#16… Provide floor drains in mechanical rooms 
and fire equipment rooms sized and located to accept full discharge from relief valves, 
backflow preventers, boiler drains, hydronic system drains, fire pumps, fire pump 
controllers, etc. Also provide drains located to accept indirect discharge drain pipe from 
all air handler wash down drain pans. …AM#16 

9. Emergency eyewash and eyewash/showers shall be provided with the water of the 
volume and temperature indicated in ANSI Standard Z358.1-1998. 

D. Materials 
1. Roof drains shall be 350 mm diameter cast iron with bayonet type locking gravel guard, 

cast iron strainer/dome, and under-deck clamp. Zurn Z-100 series or approved equal. 
2. Domestic water piping shall be type L copper tubing conforming to ASTM B88 with ANSI 

B16.22 fittings.  Solder shall conform to ASTM B32, 95-5 tin antimony or IAPMO 
approved lead free.  Above grade waste, drain, & vent piping shall be CISPI 301 cast iron 
no-hub with cast iron couplings.  For forced discharge mains, use DWV copper, Type L, 
with soldered joints, the same as domestic water piping. 

3. Below grade waste drain and vent piping shall be CISPI HSN cast iron hub and spigot 
with compression type neoprene gaskets. 

4. Valves shall be all bronze ball or gate type with a minimum Class 200 pressure rating. 
5. Provide plumbing fixtures as indicated in the Room Criteria Sheets.  To the greatest 

extent possible, plumbing fixtures shall be from one manufacturer. All fixtures shall be 
institutional quality. 

6. Water closets, urinals and lavatories shall be vitreous china; all counter top sinks shall be 
of stainless steel construction.   Provide fixtures and faucets complete with all required 
specialties, trim, supports, and related items. 

7. Water closets shall be flush valve type with elongated bowls and open-front seats without 
lids. 

8. Provide low flow water conservation 0.14 L/s faucets, 6 L per flush water closets, and 
0.16 L/s shower tempering valves. 

9. Provide screwdriver-operated stops and escutcheons on all piping connections to 
fixtures. 

10.  Furnish chrome plated adjustable cast brass P-trap with tubing drain to wall.  Size to 
match tailpiece with chrome plated escutcheon. 

11.  If required, provide duplex, heavy -duty sewage ejectors with epoxy coated steel sump, 
duplex wet pit non-clog vertical column grinder pumps, non-slam check valves, and 
factory control panels with all relays and contacts as required for the DDC system 
interface, including a hard-wired local alarm light and exterior-mounted rotating beacon. 
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12.  Provide barrier-free refrigerated water cooler 8 mL/s of 10 degrees C water at 32 degrees 
C ambient air temperature and 27 degrees C entering water temperature.  Provide unit 
with push bars, and satin finish stainless steel cooler top and backsplash.  

E. Minimum Basic Requirements  
1. Each domestic water branch pipe shall be controlled by a ball valve where it connects to 

the supply main or riser.  Each toilet room, group of fixtures, or isolated fixture shall be 
separately controlled by valves in an accessible location and provided with access doors 
where necessary. 

2. At all fixtures except water closets, install and connect hot water on left and cold water on 
right, as viewed when facing the fixture. 

3. Install water hammer arresters at water connections to shock-producing fixtures and 
plumbing groups with flush valves or solenoid valves.  Water hammer arresters to be 
sized and installed per Plumbing and Drainage Institute Standards. 

4. All domestic hot water systems shall use a recirculating system, piped from each farthest 
fixture on a supply loop. 

5. Slope all domestic hot and cold water lines, and provide low point drains to facilitate the 
complete drain down of the building. 

6. Pitch underground cast iron pipe within the building a minimum of 20 mm/m in the 
direction of flow.  Make changes in direction of drainage lines with 45-degree wyes, long 
turn wyes, or sweep bends.  Use long turn fittings wherever space conditions permit.  
Provide waterproofing around all lines penetrating through foundation walls and floor 
slabs. 

7. Provide cleanouts at the base of each stack, each change in direction, and on a minimum 
of 15 m centers at horizontal runs.  Cleaning screws, deck plates, and other plugs shall 
be made up with graphite and oil only; use no grease or cement. 

8. Pitch plumbing vent lines to allow for drainage of condensation. 
9. Encapsulate all exposed P-Traps, angle stops, and supply piping, located under 

handicap accessible lavatories and sinks, with fire resistant, molded foam, insulation per 
ADA requirements. 

10.  Traps, valves, water hammer arresters, and automatic devices in concealed piping shall 
be provided with access doors.  The doors shall be stainless steel for toilets and prime-
coated for painted areas.  Provide U. L. rated access doors to match wall construction 
rating. 

11.  Floor trench drains shall be provided with sand and grit traps. 
12.  Install above ground oil-water separators on all hangar drainage. Unit shall be the wash-

water recycling type with coalescing plates, subsurface sludge ports, ozone generator, 
stainless steel construction, and automatic operation. Landa Company style Alpha or 
equal. Do not install in explosive rated environment. 

13.  Insulate entire length of roof drain and overflow systems above grade. 
14.  Heat trace one meter downstream of rainwater and overflow leaders immediately after 

the roof drains and heat trace one meter upstream of rainwater overflow discharge to 
daylight downspouts. 

15.  Plumbing vents shall terminate minimum 250 mm inches above roof and shall be 
minimum 50 mm diameter for prevention of frost closure. 

16.  AM#16… All motors shall be premium efficiency type. Motors for use on 208 volt power 
shall be nameplate rated for 200 volts. …AM#16 

17.  AM#16… Water heaters, tanks, pumps, oil separators and other equipment shall be 
mounted on raised concrete housekeeping pads. Pads shall be sized 300 mm larger than 
equipment overall footprint to provide a minimum 150 mm exposed pad on each side of 
equipment base.  …AM#16 

2.6.9 Hydronic (Glycol) Heating Systems 
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A. Provide a complete hydronic heating system designed and sized to serve all hydronic heating 
terminal units as described within this RFP and the Room Criteria Sheets including the fourth 
Maintenance Bay.  The system shall utilize duplex gas-fired boilers AM#16… firing water, water 
to glycol heat exchangers, …AM#16 a 50/50 propylene glycol hydronic heating solution and 
duplex primary/secondary hydronic heating pumps. Arctic entries shall be heated by cabinet 
unit heaters. The perimeter building spaces shall be heated by perimeter baseboard radiation 
terminal units. The hangar door floor area snowmelt system shall be served by the hydronic 
system. AM#16… Separate boiler water and glycol heating solutions using heat exchangers. 
…AM#16 

B. Design Criteria 
1. The building heating system shall be designed to maintain an interior building 

temperature of 22 degrees C with a winter design temperature of -27 degrees C. DB.  
The building infiltration rate shall be based on the ASHRAE crack method with a 60-kph 
design wind speed.  The minimum infiltration rate for entries shall be 2 air changes per 
hour (AC/HR) per Mil-Hdbk-1028/1c. The design heating load shall be calculated with a 
1.2 safety factor for shell transmission losses and a 1.3 safety factor for infiltration losses. 

2. All terminal units, and reheat coils shall be sized with a 12 degrees C hydronic fluid 
temperature drop.  All terminal units shall be de-rated and selected for a glycol heating 
solution. 

3. All head loss calculations shall be corrected for a glycol/water solution and all hydronic 
heating pumps shall have a 1.2 safety factor.  All hydronic heating piping shall be sized 
for a maximum pressure drop of .35 kPa/m of piping. 

4. Each boiler shall be sized and selected for 50 percent maximum connected load, and 
sequenced together in a lead-lag configuration. 

5. Boiler performance rating shall be in accordance with Hydraulic Institute Testing and 
Rating Standard for Cast Iron and Steel Heating Boilers. Boiler efficiency shall comply 
with ASHRAE 90.1-1989. 

C. Materials 
1. Hydronic heating piping 80 mm and under shall be type L copper tubing conforming to 

ASTM B88 with ANSI B16.22 fittings.  Solder shall conform to ASTM B32, 95-5 tin 
antimony or IAPMO approved lead free.  Piping over 80mm shall be ASTM A-53, grade 
B, carbon steel with welded or flanged type fittings equal and comparable to the piping. 

2. Above ground natural gas piping shall be ASTM A53, Grade B, schedule 40 black steel 
with threaded or welded fittings equal and comparable to the piping.  Provide gas service 
entrance with AGA certified gas valves, stops, automatic shut-off valve, gas pressure 
regulator, and gas meter.  Provide connection of natural gas service in accordance with 
NFPA 54. 

3. The glycol shall be Dowfrost HD propylene glycol inhibited fluid as manufactured by Dow 
Chemical Company or equal, factory premixed with de-ionized or distilled water.  Silicon 
based inhibitors shall not be used (automotive glycol shall not be accepted as an 
alternative).  The solution shall contain corrosion inhibitors and be compatible with all 
wetted parts of the system. 

4. Heat exchangers shall be constructed according to ASME requirements for pressures 
and temperatures encountered and be compatible with fluids used. 

5. Snowmelt tubing shall be cross-linked polyethylene tubing (ASTM F876). 
6. Valves shall be all bronze ball or gate type with a minimum 150 pressure class rating. 
7. Pumps shall be maintenance-free, in-line, single stage, cast iron volute with stainless 

steel impellers and motor shaft.  Provide pumps with built-in multi-speed switches. The 
hydronic pumps shall be sized and the system designed for use at one speed below 
highest speed.  Each primary glycol circulation pump shall be provided with an alternate 
backup pump.  The pump motors shall be premium efficiency type motors.  The primary 
and backup pumps shall be piped and valved so that one can be removed for 
maintenance and the other started, without a loss of service to the facility. 
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8. All pumps shall be system lubricated where possible. Otherwise use non-system 
lubricated in-line pumps. 

9. Horizontal base mounted pumps shall be split case, if in-line pumps are not available. 
10.  Circulating pumps shall have piped in back-up pumps with manual switching for power to 

back-up pumps. 
11.  Isolate piping from pump vi bration with flexible connectors.  Connectors shall be 

corrugated stainless steel with double steel outer braid for piping under 50 mm.  Provide 
twin sphere neoprene connectors with flanged ends for piping over 50 mm. 

12.  Isolation valves and pressure gauges shall be installed on suction/discharge sides of 
pumps.  Balance valves shall not be used as isolation valves. 

13.  Pressure gauge ports shall be taken from piping, not pump flanges. 
14.  Balancing valves shall be installed on the discharge side of all pumps.  Triple duty valves 

shall not be used. 
15.  Booster pumps shall not be isolated by control valves. 
16.  Booster pumps shall have readily accessible disconnect switches. 
17.  Remote booster pumps shall not be used. 
18.  Pressure gauges and isolation valves shall be installed at the fill point and at circulating 

pump suctions/discharge. 
19.  Flow measurement equipment shall be installed at all pumps. 
20.  For glycol make-up provide a factory packaged make-up system complete with 200 liter 

corrosion-proof tank, pump, pressure switch, and all necessary interconnecting pipe, 
wiring, and controls. 

21.  Baseboard finned tube radiation shall have architecturally styled enclosures with full back 
plates, ball bearing brackets and cradles, copper tubing/aluminum finned elements, 
extruded aluminum outlet grilles, and 16 gauge enclosure construction. 

22.  Heating coils shall be ARI 410 certified factory tested for 1400 kPa working pressure.  
Coils shall be aluminum finned copper tube construction.  Air handling unit coils shall be 
minimum one row coils, drainable with factory vent and drain connections.  De-rate coils 
for use with glycol solution. 

23.  Boilers shall be packaged heating units designed for use with flame retention type 
burners capable of burning natural gas.  They shall be of a low pressure, cast iron, 
sectional type, capable of developing full I-B-R gross output at full firing rate.  The boilers 
shall have a pressurized firebox for forced draft venting and the burner shall be capable 
of delivering the necessary air for proper combustion and to pressurize the firebox.  
Boilers shall be constructed in accordance with ASME requirements, and bear the ASME 
symbol. AM#16… Boiler and burner design, construction and installation shall conform to 
all requirements of NFPA 85, Boiler and Combustion Systems Hazards Code, whenever 
any boiler input rating is 3.663 MW or greater. …AM#16 

24.  Hot water boilers shall have cast iron sections assembled with draw rods and sealed gas-
tight with asbestos free sealing materials.  They shall be provided with an insulated steel 
jacket with durable baked enamel finish.  Breeching damper shall be of the lockable 
industrial type. 

25.  Boiler trim shall consist of: 
a) ASME rated pressure relief valve, 200 kpa. 
b) Combination water pressure and temperature gauge. 
c) Drain valve, gate valve with plug. 
d) Two each float type low water cut-offs with manual reset. 
e) High limit temperature controller with manual reset. 

26.  Boiler controls: 
a) Lead/lag operating controls shall be provided by DDC system, with compatible 

sensors installed in supply and return headers. 
b) Flame safety controls shall be UL/FM approved, provided with burner package. 
c) Provide 5-gauge package for mounting on boiler to include supply water 

temperature, return water temperature, boiler stack draft pressure, boiler firebox 
draft pressure and running time. 
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27.  Boiler burners shall be forced draft type for natural gas, with adjustable combustion air 
supply, pressure regulator, gas valves, manual shut-off intermittent spark or glow coil 
ignition, flame sensing device, and automatic 100 percent shutoff. 

28.  Burner shall be provided with UL approved controls, including all required air flow 
switches and fuel shutoff valves.  Controls shall be complete with ultraviolet combustion 
safety, electronic ignition, pre-purge, post-purge, and low-high-low firing controls. 

29.  Automatic control of low and high firing rates shall be by burner control on input from 
boiler discharge header aquastat.  Manual override switch to be located at interface 
panel.  DDC system shall monitor the position of this switch as well as the firing rate. 

30.  The burner control unit shall be furnished with a pre-wired microcomputer burner control 
system incorporating an LED display indicating boiler operating status.  In addition, 
controller shall be capable of remote dial-out fault communication as well as local fault 
logging through the use of a shared DDC system communication line. 

31.  Factory pre-wired control cabinet shall be supplied with and mounted on burner.  Cabinet 
shall house the flame safeguard control, burner motor starter, fuses, control switches, 
alarm bell, auxiliary alarm contact, control transformer, and burner status indicating lights. 

32.  Boiler mounted operating and safety controls, including operating thermostat, high 
temperature cutoff, and two low water cutoffs, shall interlock with burner controls. 

33.  Provide burner operating interlock for lead-lag sequencing control by DDC system. 
34.  All chimneys, breechings, and connectors shall be constructed of factory manufactured 

all fuel Chimney components, double wall construction with ventilated roof thimble and 
exit cone. Provide single chimney terminating above roof, braced and reinforced suitable 
for 100 mph winds. 

35.  The boiler water piping system shall include a chemical shot feeder and necessary 
valving to facilitate the addition of water treatment chemicals to the system. 

36.  AM#16… All motors shall be premium efficiency type. Motors for use on 208 volt power 
shall be nameplate rated for 200 volts. …AM #16 

D. Minimum Basic Requirements 
1. Provide automatic air vents at all high points and hydronic terminal units.  Air vents shall 

be Hoffman 79 or equal. Provide 15 mm isolation ball valves. AM#16… All air vents shall 
have the discharge piped down to the nearest floor drain or terminated 6 inches above 
floor where floor drains are not located with the same area as the vent. …AM #16 

2. Provide pressure gauges, and Pete’s plugs across heat exchangers, coils, and pumps. 
Provide thermometers at all piping connections to heat exchangers. 

3. The Contractor shall enlist the services of an established water treatment company to 
monitor the flushing, chemical cleaning and filling of all glycol and boiler water systems. 
The water treatment company representative shall sample and test glycol and water 
systems at initial start-up and provide necessary inhibitors and water treatment to insure 
conformance with boiler and glycol manufacturers recommendation. The water treatment 
company shall analyze samples of glycol solution and boiler water monthly for a 1-year 
period, beginning the month of Final Inspection. The water treatment company shall 
provide and install all necessary chemicals, glycol inhibitors, etc. as required to maintain 
system during this initial 1-year testing period. Each month during the 1-year test period 
the contractor shall submit copies of monthly tests performed, test results, and a 
description of all chemical additions and treatment to the Contracting Officer. 

4. Provide optical hygrometer to government to test glycol concentrations. 
5. After flushing and draining hydronic piping systems, circulate for a period of 6 hours a 

solution heated to 90 degrees C of 1 kg of tri-sodium phosphate for each 500 L of water 
in system.  Upon completion, completely drain systems at all low points.  Remove, clean, 
and replace strainer baskets. AM#16… After all strainers have been cleaned and 
replaced flush the entire system with fresh water. During the fresh water flush open and 
close each valve in the system several times and continuously drain water from all low 
point drains. Flushing shall be continued until all residue of cleaning solution has been 
removed from all equipment, pipe segments, bypass lines, etc. After flushing is complete 
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fill the boiler with fresh water and immediately add water treatment as recommended by 
the water treatment firm. Fill glycol systems with factory pre-mixed propylene glycol 
solution. …AM#16 Refill system with a factory pre-mixed solution of corrosion inhibited 
propylene glycol and water. 

6. Provide glycol make-up system with a glycol make-up storage tank, and automatic 
operated electric powered make-up pump. Supply pressure to the system shall be 
controlled with an adjustable pressure-regulating valve in the make-up supply line. 
Provide a manual by-pass for filling system. 

7. Provide balancing valves to regulate water flow through each piping loop, coils, terminal 
units, and at other heating equipment and piping, for proportioning flow. 

8. Pressure gauges shall be provided on each side of each pump, heating coil, heat 
exchanger and filter.  Pressure gauges at each side of pumps shall be attached to the 
piping and not to the pump flanges.  All pressure gauges shall be provided with isolation 
valves.   Pressure gauges on glycol lines shall be provided with pin type pulsation 
snubbers.  Temperature gauges shall be provided on each side of coils and heat 
exchangers. 

9. Glycol loop temperature shall be reset linearly according to outside air temperature and 
shall not exceed 93 degrees C.  The reset schedule shall be adjustable. 

10.  Hydronic piping systems shall be reverse-return systems. 
11.  Hydronic heating systems shall be capable of being isolated between individual floors 

and wings of the building. 
12.  Balancing valves shall be installed on all bypass and return lines serving a 3-way control 

valve.  Furnish a hydronic balancing-meter for the project, compatible with the installed 
valves. 

13.  Balancing valves shall not serve as an isolation valve anywhere in the system.  
Combination balancing/isolation valves shall not be used. 

14.  Thermal expansion and contraction of the glycol solution AM#16… and boiler water 
…AM#16 shall be compensated through a diaphragm type expansion/contraction tank. 

15.  Boilers, expansion tanks, heat exchangers, glycol make-up tank, base mounted pumps 
and other large equipment shall be mounted on minimum 100 mm high reinforced 
concrete housekeeping pads.  The equipment locations shall be coordinated and 
arranged for optimum upright access, with at least 1 m wide by 2.5 m high free area 
around equipment. 

2.6.10 Gas Radiant Heaters – Maintenance Bay 

A. Heaters shall have sealed combustion chambers with ducted combustion air taken from the 
exterior. Comply with T.O. 1-1-3. 

B. Heater layout shall take into account minimum clearance requirements to aircraft and other fixed 
or moving obstructions. Install above top of all door openings. 

C. Heaters shall have minimum 16-gage tubing.   

2.6.11 Hanger Door-Rail Snow Melt System 

A. The entire exterior apron and the Maintenance Bay door rails shall be served by a hydronic 
snowmelt system. Reference the structural design criteria for special concrete placement 
requirements. System equipment including circulation pump, a dedicated heat exchanger, air 
control devices and controls shall be located in the Boiler Room. Supply and return tubing 
manifolds shall be located in the Maintenance Bay near the doors. System size shall have 
capacity for fourth Maintenance Bay. 
1. The heating medium shall be a propylene glycol/water solution.  Heat output shall be 377 

w/m² of floor area minimum with a glycol supply temperature of 43° C. Snowmelt tubing 
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shall be cross-linked polyethylene rated at 82° C maximum working temperature and 700 
kpa working pressure. Manifolds shall be cast brass with integral circuit balancing valves. 

2. AM#16… The manifolds located in the Maintenance bays near the doors shall be 
covered with fully enclosing covers designed to protect manifolds from damage and 
tampering. Covers shall be completely removable to allow periodic maintenance but shall 
be securely anchored to prevent damage to piping and manifolds. Provide minimum 16 
gauge stainless steel covers with welded seams.  …AM #16 

2.6.12  Ventilation Systems 

A.  Toilet rooms and janitor closets shall be equipped with exhaust fans ducted directly outdoors. 

B. Mechanical ventilation for cooling and combustion air shall be provided for the Boiler Room. The 
system shall utilize free cooling and mix outdoor air with room air to maintain the cooling set 
point via modulation of outside and return air control dampers. An engineered combustion air 
system, avoiding introduction of un-tempered outside air, shall be provided. 

C.  Fire Protection Equipment Room shall be equipped with a cooling/ventilation system for space 
cooling and moisture control.  Provide required engine cooling and combustion air for engine 
driven fire pumps. 

D.  All oil/water separators and other below floor pits in the Hanger Bays shall have continuous 
mechanical exhaust to evacuate fumes. Airflow monitors shall alarm at the Building Automation 
System upon loss of airflow. 

E.  The Hanger shall be provided with tank purge ventilation system(s) with flexible supply air and 
exhaust air duct drops located in the tank work areas as identified on the Room Criteria Sheets. 
Central or multiple supply/exhaust fan systems shall serve the drops. The drops shall be 305 
mm diameter, and of length appropriate for the specific work intended. Air volume shall be 472 
L/s per duct drop. Supply air shall be 100% outside air. Duct drop heights and lengths shall be 
coordinated with the user to serve the specific aircraft tank needs. The system(s) shall have 
capacity for all duct drops to operate at full capacity simultaneously. 

F. Drops shall be substantially supported with 3-way bracing to withstand horizontal and vertical 
forces caused by manual retracting and pulling on flexible drops. 

G. Provide heat recovery between supply and exhaust of the tank purge ventilation system(s) 
unless analysis shows it is not economically feasible. Refer to sub-paragraph N. below. 

H. Duct retraction shall consist of cables, pulleys, readily accessible wall brackets, and grounding 
leads at duct end fittings. 

I. Design Criteria 
1. The general building ventilation system shall be sized, designed and installed in 

accordance with: 
a) ASHRAE Standards and Handbooks. 
b) 1995 SMACNA HVAC Duct Construction Standards. 
c) 1996 NFPA 90A Installation of Air-Conditioning and Ventilation System. 
d) 1997 International Mechanical Code. 
e) 23rd Edition ACGIH Industrial Ventilation Handbook. 

 
2. The office areas shall be maintained under a positive pressure with respect to the exterior 

and the Hanger.  The general ventilation system shall provide minimum occupant fresh 
air ventilation in accordance to ASHRAE 62-1999.  Outside air shall be used for cooling 
and shall be designed to maintain space temperatures at 25 degrees C, or less than 6.7 
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degrees C above the outside air temperature, whenever the outside air is 16 degrees C 
or warmer.  The air handling unit shall be sized to deliver an average rate of 6.42 L/s-m2 
minimum to office areas.  This figure is an average and a computer-software cooling load 
calculation should be performed to derive space specific occupant, cooling, and exhaust 
airflow requirements. 

3. Perform an energy budget of the facility in accordance with TI-800-1, Chapter 11.       
4. The toilet rooms, locker rooms, and janitors closets shall be exhausted at a rate of 10.3 

L/s-m2 or 10 AC/HR whichever is greatest. 
5. The design room noise criteria (NC) inclusive of all mechanical equipment shall be: 

a) Offices and general admin. space  NC-30 
b) Hanger areas   NC-45 
c) Common areas  NC-40 
d) Conference Room  NC-25 
e) Mechanical and Electrical rooms  per OSHA  

6. Low velocity ductwork will be sized by the equal friction or equal velocity methods.  
Supply ducts will be sized at .65 Pa/m maximum.  Return and relief ducts shall be sized 
at 2.5 m/s.  Medium velocity ductwork, above pressure class of 500 Pa shall be sized 
using the static regain method with an industry recognized computer program. 

7. Low velocity ductwork shall be constructed and conform to a minimum SMACNA 
pressure class of 750 Pa, Seal Class B, and applicable Leakage Class requirements.  
Material shall be galvanized steel.  Medium velocity ductwork shall conform to SMACNA 
pressure class above 500 Pa, Seal Class B and the applicable Leakage Class 
requirements. 

8. All outside air and relief air openings shall be sized for a maximum velocity of 2.5 m/s.  
Louvers shall be sized for a maximum velocity of 2.5 m/s through the free area. 

J. Materials 
1. Air-handling Units:  Provide and install complete factory-assembled, piped, wired, and 

factory-tested air-handling units sized to serve the building as described within this RFP.  
The frames shall be constructed of 14-gauge galvanized steel.  The casings shall be 
constructed of 16-gauge galvanized steel with double wall construction.  Units shall be 
insulated with 50mm thick, 72 kg/m3 fiberglass insulation with full galvanized steel liner.  
Casing liner shall be perforated to reduce noise transmission with Mylar facing to 
facilitate full wash down.   All exterior surfaces shall be phosphatized and factory finished 
with a baked enamel final coat. Provide units with an application-specific controller, 
furnished by the HVAC DDC system manufacturer. Provide the following standard factory 
sections: 
a) Supply fan section 
b) Preheat coil and filter 
c) Glycol heating coil section 
d) Filter box section with ASHRAE 52.1-92 30% efficient, UL Class 1, 50mm thick 

filters. 
e) Mixing box section with positive shut-off low leakage dampers. 
f) Provide all sections with drain pans to facilitate full wash down. 
g) Fans shall be tested in accordance with the procedures of AMCA 210 and shall 

bear the UL label and AMCA certified rating seal. 
2. Diffusers, grilles and registers: Provide all diffusers, grilles and registers of steel 

construction with opposed blade volume dampers.  Provide all ceiling supply diffusers 
with round inlet necks.  Provide all linear slot supply diffusers with sound lined plenums. 

3. Flexible ducts shall be UL 181, Class 1, Air Duct material complying with NFPA 90A and 
90B.  Duct shall be of a factory fabricated assembly composed of a black CPE liner 
permanently bonded to a corrosion resistant helically wound spring steel wire; supporting 
a 25 mm thick fiberglass insulation blanket; 5.745 ng/s-m2-Pa fiberglass reinforced 
metalized film laminate vapor barrier with integral brass hanger grommets.  Duct shall 
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have a pressure rating of 1500 Pa positive, a 250 Pa negative and a maximum velocity 
rating of 20 m/s. 

4. All fire dampers shall be combination fire and smoke dampers in accordance to 
UL555/UL555S and bear the UL label.  Units shall be sized to match the resistance rating 
of the wall, minimum 1-1/2 hr, and have a Class III smoke leakage rate.  Provide power-
open, fail-close actuators with automatic reset after test of nuisance alarms. 

5. Positive shut-off dampers shall be low leakage, thermally isolated, type with insulated 
airfoil blades (minimum U value of 2.6 W/m2-K).  Seal shall be extruded silicone with a 
leakage rate of 25 L/s-m2 at 1000 Pa differential static pressure. 

K. Minimum Basic Requirements 
1. All ventilation equipment shall be installed on the warm side of the facility.  No equipment 

shall be installed on the roof or require roof access for maintenance. 
2. All specified equipment shall be in mid-range of catalogued performance to allow for 

adjustment. 
3. All ductwork shall be hung, supported and installed in accordance with “Low Pressure 

Duct Construction Standards” or “High Pressure Duct Construction Standards” of 
SMACNA.  Ductwork shall be supported to prevent and/or dampen excessive vibrations 
and with full seismic bracing.   

4. All fans shall be provided with inlet and outlet sound attenuators, sound lining, or 
acoustical enclosures as required to meet the maximum acceptable sound power levels 
in each room. 

5. Rectangular elbows shall have double thickness, extended edge, turning vanes. 
6. Straight duct sections of at least 7.5 duct diameters shall be shown from fan discharge, 

elbows and open duct ends. 
7. All flexible ductwork shall be secured to the sheet metal collars or diffuser necks with 

nylon “zip strips”.  Trim excess strip and covered with duct tape.  All flexible ducts shall 
be limited to a 1600 mm maximum length. 

8. Provide flexible connections between all fans and ductwork.  Flexible connection material 
shall be UL listed, fire-retardant, neoprene coated, woven glass fiber fabric, in 
accordance with NFPA 90A with a minimum weight of 9 kg/m2 and crimped into 80 mm 
wide and 24 gauge thick galvanized steel collars. 

9. The flexible connections shall be suitable for 1-1/2 times the duct pressure at the 
connection.  Flexible separation shall not be less than 150 mm between separated 
metals. 

10.  All building exhaust air outlets shall have louvers; 25 mm mesh screens, and positive 
shut-off motorized control dampers.  All building air intakes shall have protective hoods, 
25 mm mesh screens and no louvers. 

11.  Insulate all outside air ducts and plenums.  Insulate all exhaust ducts from the building 
exterior penetration to 1200 mm downstream of ductwork. 

12.  All mechanical penetrations through exterior building surfaces shall be sealed weather 
tight i.e. brazed seams and joints.  All wall and roof penetrations shall be flashed, 
counter-flashed, and caulked.  Roof penetrations shall be constructed in accordance with 
roof manufacturer's recommendations. 

13.  AM#16… Seal all ductwork to Seal Class A standards with SMACNA approved sealing 
system. …AM#16 Test all duct systems to prove air tightness. Duct leakage testing shall 
be witnessed by the TAB Specialist. Make tests prior to application of any external 
insulation before erection of enclosing construction.  Duct leakage test procedures shall 
be in accordance to the SMACNA HVAC Air Duct Leakage Test Manual. AM#16… 
Where SMACNA does not describe test procedures for low velocity or low pressure duct 
leakage testing the designer shall develop procedures. …AM#16 All audible leaks must 
be corrected.  Make corrections of minor leakage as approved.  Maximum total system 
acceptable leakage shall correspond to SMACNA HVAC Air Duct Leakage Test Manual. 

14.  Contractor shall provide a minimum of 14 days advance notice before performing an air 
balance so that Base HVAC Shop Personnel can be present to witness the procedure.  
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Perform the air and hydronic balancing, testing and adjusting in conformance with 
American Air Balance Council (AABC) or National Environmental Balancing Bureau 
(NEBB) guidelines to achieve specified design values.  Record the noise level of all 
rooms, inclusive of air and hydronic noise, at full flow.  Correct the deficiencies required 
to comply with specified NC-values for each room.  Submit a complete report listing all 
the initial and final readings. 

15.  Branch ducts: 
a) Branch ducts shall be offset from the main trunk duct (not opposite each other), 

to allow better balancing performance. 
b) Each branch duct take-off shall have one of the following dampers: manually 

operated, opposed blade damper; manually operated, single blade damper; 
quadrant-type volume damper. 

c) Manual volume dampers shall be installed at all branch duct connections 
upstream of registers/diffusers. 

d) Branch ducts to registers/diffusers shall be a minimum length of two duct 
diameters. 

e) Volume dampers shall be located two duct diameters from fittings and as far as 
possible from outlets 

16.  All duct chases shall have lighting with exterior on/off switches readily accessible. 
17.  AM#16… All outdoor air intake and exhaust plenums shall be constructed with soldered 

of brazed joints and seams. …AM#16 

L. Fans: 
1. All fans shall be provided with inlet and outlet sound attenuators, sound lining, or 

acoustical enclosures as required to meet the maximum acceptable sound power levels. 
2. Fans shall be provided with access to fan through fan guard. 
3. Return fans shall not be used if return loss is less than 250 Pa.  The building static 

pressure shall not exceed 25 Pa above ambient. 
4. Access doors/panels shall be provided to reach areas needing periodic cleaning (i.e. 

reheat coils, VAV boxes, etc.). 
5. Reheat coils shall only be used where absolutely necessary and the controls shall 

minimize wastage of energy. 
6. Fan motors shall be premium efficiency. AM#16… Motors for use on 208 volt power shall 

have a  nameplate rating of 200 volts. …AM #16 

M. Air Handling Units: 
1. Air handling units shall have preheat and reheat coils installed. 
2. Air handling units shall be double-walled with the capability of being washed down 

internally. 
3. All air handling units shall be installed with sufficient space to remove coils and filters 

(access doors must be able to fully open). 
4. Air handlers located above a suspended ceiling shall have a servicing platform that 

extends 750 mm from the edge of the equipment and a clear workspace of at least 900 
mm must be provided above the equipment on the controls side. 

5. Catwalks and ladders shall be provided to allow access to all elevated air handlers. 
6. Air handlers with a coil area greater than 2.3 m2 shall be provided with inside lighting. 
7. Coils shall be equipped with the following items: drain pans with drain lines piped to 

indirect waste line or floor drain; sufficient space for cleaning AM#16… both sides of coils 
…AM#16; air bleed valves; 30 mm minimum condensate drains with piping sloped 20 
mm/m (cooling coils). 

8. Filter frames shall be of a standard size.   
9. Grease (zerk) fittings shall be extended to a single, readily accessible point. 
10.  A thermometer shall be installed in all discharge air ductwork and all mixed air sections. 
11.  Control valves shall be installed outside of air handling units in a readily accessible 

location. 
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12.  A minimum distance of 2-1/2 times the equivalent fan discharge duct diameter shall be 
provided between the return air fan and the return air and exhaust air dampers, 6 times if 
outlet velocities are greater than 30 m/s. 

13.  Exhaust fans shall be equipped with variable inlet vanes, variable pitch blades, variable 
discharge dampers, or motor speed control if system uses economizer controls (do not 
rely on relief vents). 

14.  Pre-heat coils shall be used with all ventilation/make-up air introduced into a heated 
space (sized for full flow/capacity in the event the HRV may be inoperable.) 

15.  AM#16… All access doors shall be minimum 600 inches wide x 1400 high or the 
maximum size possible in each air handler casing. Access door latch mechanisms shall 
be equipped with metallic handles on both sides of doors to allow operation from inside or 
outside the unit. …AM #16 

N. Heat Recovery Units: 
1. Heat recovery units shall be utilized unless economically unfeasible. Perform life cycle 

cost analysis using the NIST BLCC 5.0-01 software (www.eren.doe.gov/femp). Assume 
the tank purge ventilation system(s) operate 120 hours per week, and gas cost is 
$.45/CCF. 

2. Access shall be provided on both sides of coils for removal and cleaning. 
3. Outside air and exhaust air shall be filtered before entering unit. 
4. Coils shall have a fin density of no more that 8 fins per 25 mm. 
5. Control valves shall be installed outside of the unit in a readily accessible location. 
6. Plastic components shall not be exposed to outdoor air (i.e. damper brackets). 
7. Drains shall be piped to an indirect waste line or floor drain. 
8. Units shall be labeled using engraved metal or plastic nameplates. 
9. Units shall be capable of being washed down. AM#16… All sections and coils shall be 

equipped with drain pans with drains outlets piped to floor drain. …AM #16 

O. Filter Gauges:  Dwyer type differential pressure indicators shall be installed across all filters. 

P. Louvers, Dampers and Mixing Boxes: 
1. Pressure independent balancing dampers shall be installed downstream of VAV boxes. 
2. Full quadrant balancing dampers shall be provided for all fresh air and return air ductwork 

to all air handling units. 
3. Duct access doors shall be installed on both sides of all dampers. 
4. High efficiency dampers shall be used on all fresh air dampers and mixing boxes. 
5. Air intakes and exhausts shall be designed where the point of zero water penetration 

corresponds to the point on the air intake or exhaust curve where water penetration as 
defined by the Air Movement and Control Association (AMCA) Standard 500. 

2.6.13 Direct Digital Controls 

A. A complete control system shall be installed to serve the entire building.  New control 
components. The new HVAC controls for the facility shall be a DDC (direct digital control) 
microprocessor based system employing distributed processing. AM#16… The system shall be 
designed, installed and tested in accordance with the most recent version of Corps of 
Engineers Guide Specification SECTION 15951A, Direct Digital Control For HVAC. …AM#16   
The controls shall be provided with a modem and dedicated analog telecommunication 
connection for remote communication to, and fully compatible with the existing Automated 
Logic EMCS Host system serving the Base. 

B. Design Criteria 
1. Manufacturer’s Qualifications: Company specializing in manufacturing the Products 

specified in this section with minimum three years documented experience. 
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2. Installer Qualifications:  Company specializing in performing the work of this section with 
minimum three years documented experience. 

3. Operator System Access:  Via software password with access levels at each control unit. 
4. Software shall have the capability of database creation, trend logging, report 

development, alarm processing, automatic time scheduling, night setback, event initiated 
programming and complete graphic programming software. 

5. The system shall be fully compatible with the existing Automated Logic Base Host EMCS 
System. Allow full remote monitoring and control functions from the Base Host 
Processing Unit via telephone modem, and provide all associated hardware/software 
necessary to accomplish this function. The DDC system shall be BACNET compatible at 
the building level. 

6. Provide a minimum of 20 hours of on-site operator training for each building to include, 
but not limited to, start-up, shutdown, maintenance, calibration and integration into the 
Base Host Processing Unit.  

C. Materials 
1. HVAC controls shall include but not limited to the following: 

a) Optimal run time. 
b) Supply Air reset. 
c) Dry Bulb Temperature sensor Switchover.       
d) Economizer cycle. 
e) Manual outside air over-ride potentiometer in each assembly area to vary the 

ventilation rate. 
2. Local control shall be accomplished by networked DDC panels using PID capabilities.  

Each controller shall be capable of stand-alone operations and shall be complete with 
battery back-up and manual operator override capability with a local hand-off-auto switch 
and 4-20 mA slider control of the output signal.  Specifically, each valve shall have a 
manual lever that can be set to maintain temperature(s) locally.  Local control shall 
include custom sequences of operation for each mechanical equipment, HVAC systems 
and terminal unit.  System shall be ex pandable.  For on-site use, provide all necessary 
hardware to connect a portable laptop computer; the computer shall be furnished by the 
government. 

3. Sensors shall be electronic, with remote set-point adjustment. 
4. Operators shall be electric. 

D.  Minimum Basic Requirement: 
1. Room zone valves shall have a manual bypass or override.  Room sensors shall only be 

adjustable remotely from the DDC console.  Each air handling unit shall be zoned to 
serve similar rooms; dissimilar spaces shall be on separate systems to allow proper 
ventilation rate and temperature control.  In open areas, provide a thermostat for every 
100 square meters. 

2. Control system shall not have any automatic reset low limit switches. 
3. Over current protection shall be provided for all input/output circuits of the DDC system. 
4. Steel channel structural supports shall be provided for any actuators installed on sheet 

metal smaller than 16 gauge. 
5. All mechanical equipment (including mechanical rooms, etc.) shall be a part of a Building 

Automation System or must be pre-wired to interface with an “inter-operable” Building 
Automation System.  The control points and alarm input/outputs shall include, but are not 
limited to, all fan/pump motor above 1 kW, status monitoring via current transformers and 
failure alarms; low hydronic system pressure alarm; dirty filter alarms; freeze-stat trip 
alarm (no auto reset); high sewer sump alarm; general fault alarms from packaged 
computer cooling units; water meter totalizers; glycol make-up tank low level alarm. 

6. Provide complete building start up and commissioning in accordance with applicable 
portions of UFGS 15995A, Commissioning of HVAC Systems.    
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2.6.14 Mechanical Rooms AM#16… (includes Fire Protection Equipment Rooms) …AM#16 

A. Mechanical room entrances shall be large enough to facilitate movement of large equipment to 
and from mechanical room.  Double doors with separate access outside of facility are preferred. 

B. All framed walls within mechanical rooms shall be constructed using cement board.  (i.e. no 
gypsum board). 

C. Hot and cold hose bibb connections with back flow preventors shall be provided in mechanical 
rooms. 

D. Mechanical rooms shall have a minimum of one floor drain, with trap primer. AM#16… Additional 
drains shall be provided to accept discharge from boiler relief valves, drains on hydronic 
systems, backflow preventer discharge, and fire protection riser drain points.  …AM #16 

E. Mechanical room floors shall slope to floor drains. 

F.  115 Volt power outlets shall be provided in mechanical rooms. 

G. Clearance shall be provided to remove, replace and maintain air filters, heat exchanger coils and 
hot water heating coils.  All manufacturer recommended clearances shall also be provided. 

H. All access for maintenance shall be of an ergonomic design. 

I. All elevated units shall have catwalks and ladders to provide access. 

J. Combustion air systems shall be designed so the gravity combustion air inlet prevents cold air 
from “dumping” into the room and the outside air ventilation fan includes motorized mixing 
dampers arranged to mix outside air and return air to 13 degrees C. 

K.   Inlet and exhaust openings for all facilities shall have hoods and louvers where they penetrate 
the exterior wall. 

L. Mechanical rooms shall be provided with ventilation allowing for a set temperature no higher 
than 27 degrees C. 

M. Mechanical room lighting shall be adequate for maintenance of all equipment. 

N. Mechanical rooms shall not be used a return plenums. 

O. Mechanical rooms shall have two pair of communication lines and a fiber optic line supplied for 
DDC controls. 

P. Copies of the following drawings shall be laminated in clear plastic and placed in the mechanical 
room: 
1. Duct work drawings 
2. Piping drawing 
3. Valve schedule 
4. Control schematics 
5. Description of Control Operations 

2.6.15 Shop Air System 

A. Design Criteria: 
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1. Provide shop air system for maintenance. The system shall be sized for the outlets 
indicated on the room criteria sheets including the fourth Maintenance bay, with a 60% 
diversity using standard air tools and operating at 690 kPa. In addition, the system shall 
operate two “Bullard” Free-air pumps running simultaneously attached to the 1” shop air 
quick disconnects. The Bullard model ADP3CA pumps require 40 L/s at 655 kPa each. 
System shall deliver 700 kPa shop air to all outlets. Shop air piping shall be sized at a 
maximum pressure drop of .5kPa/m. 

B. Components 
1. Shop air compressor shall be a duplex rotary screw unit with integral receiver, receiver 

drain down valve, safety relief, moisture separator and drain, main pressure regulator, 
main filter, and heavy duty air inlet filter and silencer. Install unit on concrete 
housekeeping pad with vibration Isolation. 

2. Shop air piping shall be schedule 40 ASTM A53 black steel with threaded malleable iron 
or forged welded fittings. 

3. Provide isolation valve, regulator, filter with metal guard, gauge, duplex quick 
disconnects, and drip leg with blow down valve at each shop air outlet. Install shop air 
branch piping to each outlet from the top of the main. 

4. Provide retractable hose reels at each location indicated. Hose reels shall be spring 
loaded retractable, with 30 m hoses, 10 mm diameter. 

5. Provide shutoff valve, drip leg with valve, pressure regulator with gage, and triplex wall 
mounted shop outlet where indicated. Outlets shall include one 25 mm and two 10 mm 
quick disconnects.     

2.6.16  Breathing Air System 

A. Design Criteria 
1. Provide Breathing air system for in-tank maintenance. The system shall comply with 

UFGS 15217N, Medical Gas and Vacuum Systems; and NFPA 99 for Medical Air. The 
system shall be sized for the outlets indicated on the room criteria sheets and drawings 
including the fourth maintenance Bay, with all outlets operating at once (3-users per 
outlet). All jets shall be serviceable from two sets of service drops, however one set may 
be shared with an adjacent jet in close proximity. If a partition wall is installed between 
jets, an additional set of service drops will be required to meet this requirement. System 
shall deliver 517 kPa air pressure. Air piping shall be sized at pressure drop of 5kPa/10m.  

B. Materials 
1. Air compressor shall be a duplex reciprocating unit with receiver and air filtration system; 

to provide air in compliance with CGA G-7.1, Grade D. Provide receiver drain down 
valve, safety relief, air dryer/cooler, moisture separator and drain, main pressure 
regulator, main filter, and heavy duty air inlet filter/silencer. Install unit on concrete 
housekeeping pad with vibration Isolation. 

2. Piping shall be copper or stainless steel tubing complying with all requirements of 
Medical Air piping per the Corps of Engineers Guide Specifications.   

3. Provide isolation valve and regulator with gage in cabinet for each 3-hose reel. Locate 
components 1.2 m above the floor in an accessible location. Size valving for a pressure 
reduction from 516 kPa to 205 kPa.  

4. Provide retractable hose reels at each location indicated. Hoses shall be 30 m long and 
15 mm diameter. Three hoses are required at each location. Either band the three hoses 
together on a single reel, or provide three hose reels at each position indicated. Hoses 
and fittings shall be manufactured by 3M to be compatible with the Users’ 3M #7800S air 
supplied full face breathing masks (respirators). 

5. Provide back-up medical Gas Cylinder Manifold system rated at 20,682 kPa with 
automatic switchover upon failure of main system. Back-up storage capacity shall be 
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capable of serving 12 respirators for 30 minutes. Demonstrate tank capacity as part of 
building commissioning. 

6. Provide alarms visible and audible in Maintenance Bay to notify of failures to the main air 
supply system and activation of the reserve cylinder system. 

7. Compressor air intake shall be ducted to the exterior. Intake shall be 12 m away from 
building exhausts and vents, vehicle exhausts, and other sources of contamination. 

8. Breathing air system pipe and hose fittings and quick disconnects shall be incompatible 
with shop air fittings.  

2.6.17 Seismic Protection 

A. All mechanical piping, ductwork and equipment shall be seismically braced.  Provide all 
necessary steel, hardware, devices and factory-manufactured components required for seismic 
protection of all mechanical equipment furnished under this contract. 

B. Design Criteria 
1. Design bracing and snubbers in accordance with Corps of Engineers Guide 

Specifications, SECTION 15070, “Seismic Protection For Mechanical Equipment.”  In 
particular, follow TI 809-04, “Seismic Design for Buildings,” referenced in the stated 
document. The design shall also comply with AFM 88-3. 

2. Follow manufacturer’s recommendations in selecting all factory-furnished devices. 
3. Submit an analysis of all required seismic control for evaluation and approval, as relating 

to mechanical equipment. 
4. Provide snubbers and flexible bracing as required for vibration isolation and earthquake 

protection. Use preferred factory-furnished equipment and devices to the extent feasible. 

2.6.18 Required Items:  Controls system shall be fully compatible with base host central processing 
system. 

2.6.19 Prohibited Items: 

A. Items which do not meet the minimum requirements listed are not allowed for the mechanical 
systems for this project.  The following specific systems are prohibited for this project: 
1. Roof Mounted Equipment and any ductwork outside the building envelope. 
2. Dielectric Unions. 
3. Mono-flo and single pipe systems. 
4. Reheat energy for HVAC temperature control. 
5. Gravity relief air dampers. 
6. Automotive glycol and/or silicone-based inhibitors. 
7. Ozone Depleting Substances. 
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PART 2 MINIMUM DESIGN CRITERIA 

2.7 ELECTRICAL REQUIREMENTS  

2.7.1 Scope: 

A. Furnish all labor, materials, equipment and supervision of labor for the complete and satisfactory 
design, construction and installation, but not limited to the following electrical systems: 
1. Lighting 
2. Power 
3. Emergency Power Generation System 
4. Data/Communication System 
5. Special Systems 

B. Standards for Electrical Systems 
1. Power system shall be completely designed in accordance with the latest edition of the 

NEC, NESC, and in accordance with the requirements herein. 
2. All plans shall be prepared and sealed by an engineer registered in the State of Alaska 

as an electrical engineer. 
3. USAF Engineering Technical Letters (ETL’s) may be downloaded from the AFCESA 

website at http://www.afcesa.af.mil/Publications/ETLs/default.html . 

C. The design and construction shall comply with the latest editions of the following guides and 
standards and local codes and ordinances. Most Military publications can be obtained from the 
following web sites: 1 )www.usace.army.mil, 2) 
http://www.hnd.usace.army.mil/techinfo/index.asp, 3) http://www.afcesa.af.mil/.  
1. Military Handbook 1008C available at http://w2.hnd.usace.army.mil/techinfo/milhbk.htm 
2. ADA Accessibility Guidelines for Building and Facilities. (see room criteria sheets for 

locations) 
3. Memorandum for Elmendorf Air Force Base Local Users - Elmendorf AFB Data 

Standards. 
4. Standard Telecommunications Infrastructure Requirements for New or Renovated 

Facilities; 3rd Communications Squadron Planning Section; Elmendorf AFB. 
5. Rural Utilities Service Criteria. 
6. International Building Code (IBC). 
7. National Electrical Manufacturers Association (NEMA). 
8. Underwriters’ Laboratories, Inc. (U.L.).  All equipment shall bear the UL label, or 

equivalent, from a nationally recognized testing agency, acceptable to the authority 
having jurisdiction. 

9. American National Standards Institute (ANSI). 
10.  Illuminating Engineering Society of North America, I.E.S.N.A Lighting Handbook, ninth 

edition. 
11.  Life Safety Code (NFPA Article 101). 
12.  National Electrical Safety Code (NESC). 
13.  EIA/TIA 568A Commercial Building Telecommunications Wiring Standard. 
14.  EIA/TIA 569 Commercial Building Standard for Telecommunications Pathways and 

Spaces. 
15.  EIA/TIA 606 Administration Standard for the Telecommunications Infrastructure of 

Commercial Buildings. 
16.  EIA/TIA 607 Commercial Building Grounding and Bonding Requirements for 

Telecommunications. 
17.  EIA/TIA TSB 67 Transmission Performance Specifications for Field Testing of Unshielded 

Twisted Pair Cabling Systems. 
18.  IEEE C62.41 Surge Voltages in Low-Voltage AC Power Circuits. 
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19.  IEEE STD 81 Guide for Measuring Earth Resistivity, Ground Impedance, and Earth 
Surface Potentials of a Ground System (Part 1). 

20.  IEEE STD 242 Recommended Practice for Protection and coordination of Industrial and 
Commercial Power Systems. 

21.  IEEE STD 399 Recommended Practice for Industrial and Commercial Power Systems 
Analysis. 

22.  National Fire Protection Association (NFPA). 
23.  NFPA 70 National Electrical Code. 
24.  NFPA 72 National Fire Alarm Code. 
25.  NFPA 101 Safety to Life from Fire in Buildings and Structures. 
26.  USAF Engineering Technical Letter (ETL) 99-4, Fire Protection Engineering Criteria and 

Technical Guidance – Emergency Lighting and the Marking of Exits. 
27.  USAF Engineering Technical Letter (ETL) 01-2 Fire Protection Engineering Criteria – 

New Aircraft Facilities 
28.  USAF Engineering Technical Letter (ETL) 02-12, Communications and Information 

Systems Criteria for Air Force Facilities (replaces ETL -87-9, Prewiring). 
29.  USAF Technical Order (TO) 1-1-3, Inspection and Repair of Aircraft Integral Tank and 

Fuel Cells. 
30.  USAF Technical Instruction 811-16 Lighting Standards. 
31.  Air Force Occupational Safety and Health (AFOSH). 
32.  Air Force Joint Manual (AFJMAN) 32-1082, Facilities Engineering Electrical Exterior 

Facilities. 
33.  AFJMAN 32-1080 (TM 5-811-1), Electrical Power Supply and Distribution. 
34.  Air Force Instruction (AFI) 32-1065, Grounding Systems. 
35.  Airfield and Heliport Planning and Design Manual, (AFMAN 32-1123). 
36.  Corps of Engineers Guide Specifications (CEGS). 
37.  NETA, International Electrical Testing Specifications for Electric Power Distribution 

Equipment and Systems. 
38.  All base materials shall comply with standards of ASTM and ANSI. 

2.7.2 Exterior Lighting 

A. Provide exterior lighting to illuminate adjacent tow-way, apron, and building perimeter. 

B. Illumination criteria in accordance with guides and standards listed in 2.7.1 above.  Point-by-
point calculations using a light loss factor of 0.62.  Exterior lighting luminaires will be mounted 
on hangar exterior walls and tapered steel poles for area lighting of building exterior, aprons, 
and adjacent taxiways.  All electroliers will be constructed to withstand 160 kph (100 mph) wind 
loading with a 1.3 gust factor. 

C. Feed branch circuits supplying exterior fixtures through electrically operated, mechanically held 
lighting contactors. The contactors shall be mounted indoors and controlled automatically.  Site 
lighting luminaires shall be high-pressure sodium (HPS) type lamps and equipped with low-
temperature ballasts.  Luminaires shall incorporate cut-off type optics with no up-light 
component. The contractor shall submit point-to-point lighting calculations demonstrating the 
layout, fixture type, illumination levels and uniformity. 

D. All exterior building-mounted light fixtures are to be connected to the emergency generation 
system. 

E. No flood lights or wall packs are permitted. 

F. Mount exterior fixtures such that they are protected from damage from ice dams, or snow or ice 
shed from the roof. 
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2.7.3 Interior lighting 

A. Interior: Calculations shall be based on the actual finish material reflectances or a maximum of 
80% for the ceiling, 50% for the wall and 20% for the floor, whichever is lower.  The foot-candle 
levels shall be calculated using light loss factor of 0.7 and the ballast factor of the supplied 
equipment. 

B. General lighting schedules shall include lamp type, voltage, power consumption in VA, type of 
mounting, manufacturer and catalog number. 

C. Control switches for general room lighting shall be located at room entrances. Room with more 
than one door shall have three-or four-way switches.  

D. Emergency lighting shall be provided per IBC,NFPA 101 and ETL 99-4.Signage shall be green 
letters on white background. 

E. Exit signs shall be of the internally illuminated light emitting diode (LED) type. Interior lighting 
fixtures shall be as indicated in room criteria sheets. 

F. Provide energy-efficient fluorescent fixtures unless otherwise noted, with energy-saving ballasts. 

2.7.4 Power – Special Locations 

A. In hazardous locations, provide materials and equipment listed for use in accordance with the 
hazardous location classification. 

B. References 27 and 28 in Section 2.7.1 c. contain extensive measures to be taken to protect 
against the hazards of maintenance in Fuel Cell Maintenance Hangars.  Particular attention to 
these references by the design engineer is warranted. 

C. All classified locations within and adjacent to the hangar shall be identified by the design 
engineer and clearly delineated on the design documents. 

2.7.5 Emergency Generator and Power arrangement 

A. Provide a four-stroke-cycle, diesel-fired, emergency generator unit inside the building, sized to 
provide emergency power to operate the exterior lights and hangar doors upon loss of normal 
power.  Additional emergency or standby power loads may be added at the engineer’s 
discretion.  Transfer these loads automatically to the generator through a 4-pole automatic 
transfer switch upon power failure.  Automatic transfer back to normal power, is required, when 
normal power is restored.  Provide a permanent resistance load-bank sized to test the 
generator.  Fuel supply and storage will be provided for 5 days of operation at full load.  Use 
standby power rating of the generator as the basis of design to supply the loads.  The 
generator shall use the best available technology to limit emissions, using JP-8 arctic fuel. 

2.7.6 Service Entrance Equipment 

A. Provide electrical power service monitoring instrumentation on the service entrance main 
distribution panel.  Provide service entrance equipment sized per the NEC for the building loads 
with an additional 25% spare capacity.  Provide service voltage rated 277/480 Volts, 3-phase, 
4-wire with a 3-pole main breaker. 

2.7.7 Power Distribution 
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A. Provide separate panels for each of the following types of loads: 
1. Lighting 
2. Office and staff area convenience receptacles and general power 
3. Mechanical Systems 
4. Computer equipment 

B. All outlets in office areas shall be served from branch circuit panel boards. 

C. Provide grounding type receptacles of current rating, voltage, phase and configuration as 
required to serve all equipment.  Receptacles in the Maintenance Bay and Fuel Cell 
Maintenance rooms shall be rated for the Hazardous Location and shall electrically disconnect 
from the circuit before the plugs can be removed from the receptacles. 

D. Provide duplex receptacles to comply with the requirements of the Room Criteria sheets. 

E. No more than six duplex receptacles shall be connected to a single circuit. 

F. Provide double duplex receptacles with single device plate within 460mm (18 in.) of each data 
outlet. 

G. A minimum of one GFCI receptacle shall be provided in each restroom, electric room, 
mechanical room and janitor’s closet. 

H. Two 20A quad receptacles on 2 dedicated circuits shall be provided behind the equipment rack, 
in the Communication Equipment Room. Refer to the 2.71, c. 4 reference for additional 
requirements. 

I. Provide weatherproof while in use (using metal covers) GFCI protected receptacles on the 
exterior of the building within 3m of each door.  Provide additional receptacles such that no 
point on the exterior wall is more than 15m from a receptacle. 

J. Provide connections, services and equipment required for proper connection and operation of all 
equipment furnished or planned, presence denoted, or required in other portions of these 
specifications. Such equipment shall include, but not necessarily be limited to, mechanical 
systems equipment (fans, boilers, pumps, etc.), utilization equipment (drinking fountains, 
computers, copiers, etc.) and government -furnished-government-installed equipment. 

K. Maintain integrity of penetrations intended to be waterproof. Provide flashing at all penetrations 
of waterproof membranes.  

2.7.8 Grounding 

A. Provide a grounding system in accordance with NEC Article 250. 

B. Provide insulated grounding conductors, sized per NEC requirements, in all secondary, 
distribution, feeder and branch circuit conduits. 

C. Provide a building grounding electrode system consisting of a ground ring, metal underground 
water pipe, building structural steel, concrete encased electrode, and copper clad steel rod 
electrodes.  Make all grounding connections to building steel and below grade with exothermic 
connections.  Bond the ground grid to the hangar static ground grid system as described below 
and in the room criteria sheets and to the electrical service as required by the NEC. 
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D. Provide a 5m square, static grounding grid with connecting points consisting of ERICO Static 
Grounding Receptacles, model B165, or 19mm copper eyebolts recessed below the finished 
surface of the hangar floor and apron maintenance areas connected with minimum 4 AWG 
bare copper conductors.  Bond the receptacles or eyebolts to the 4 AWG copper to form an 
electrically continuous ground.  Bond each of the aircraft tie-downs to the ground grid.  Bond 
static grounding “touch pads” to the grid and mount at hangar entrances and fuel cell 
maintenance locations. 

E. Provide a 1 AWG ground wire from the ground grid to the Telephone Backboard (TTB) ground 
bus. 

2.7.9 Lightning Protection System 

A. No building lightning protection system is required.  Protect the Fire Alarm remote transceiver 
from lightning and transient voltage surges. 

2.7.10 Telecommunication 

A. Provide a telecommunication service entrance for an unclassified system.  The service shall 
consist of a minimum 25 pair telephone service.  Refer to section 2.7.1.c.4. for specific 
infrastructure requirements including telecom/data room sizes, equipment, cabling and 
preferred manufacturers. 
1. Telephone and Data Systems outlets, cabling and terminations shall be installed in all 

rooms as indicated in the room criteria sheets.  All equipment, cabling and terminations 
shall meet Category 6 rating for Voice and Data.  The system shall be in compliance with 
EIA/TIA criteria with all terminations labeled and identified.  All installers must be 
manufacturer certified.  The PBX, active LAN components (hubs, routers, bridges, 
modems, etc.) and computer systems will be procured and installed by the government. 

2. Voice and data cables shall be wired to comply with the requirements of the EIA/TIA 
568A jack configuration.  Cables shall have plenum rated insulation and jacket materials. 
No telecommunication or data conduit or cable may be routed below grade. 

3. Interior Raceways.  Comply with the requirements of EIA/TIA 569. Minimum size 35 mm 
(1 1/4") for telephone/data conduits. Cable trays may be used for collecting and routing 
multiple cables to terminal closet(s). Use only long radius elbows.  Conduit bodies are not 
permitted in telecom/data wiring.  Provide home run from telephone and data outlets, 
through conduits to the cable tray to backboard or conduit directly to backboard. Provide 
plastic bushings on all conduit terminations.  Minimum box size for outlets: 119 mm (4 
11/16") square x 54 mm (2-1/8") deep. 

4. Grounding per ANSI/TIA/EIA -607, Commercial Building Grounding and Bonding 
Requirements for Telecommunications.. 

2.7.11 Lighting 

A. Fluorescent Ballast.  ANSI C82.1, instant start, high power factor type electronic ballast with less 
than 10% harmonic distortion.  Provide end-of-life sensing technology in ballasts for T5 and 
smaller lamps. 

B. High Intensity Discharge (HID) Ballast. ANSI C82.4, metal halide for interior areas and high-
pressure sodium lamp ballast for exterior areas.  Lighting fixtures installed exposed to exterior 
ambient conditions shall be capable of operation in minus 40 degrees C ambient temperatures. 

C. In rooms with suspended acoustical tile ceilings provide two or three lamp parabolic recessed 
fluorescent light fixtures.  In rooms with gypsum wallboard ceilings provide wrap around surface 
mounted acrylic lens fluorescent fixtures. In exposed structures with no ceiling provide pendant 



    
NEW FUEL SYSTEMS MAINTENANCE HANGAR ELM179      
DACA85-02-R-0009, AMENDMENT R0016 
 

 SECTION 01010 Page 94 

mounted fluorescent or metal halide fixtures.  All three-lamp fixtures shall have 2 level switching 
. 

D. Fluorescent lamps: Deluxe phosphor type with 3500K, 88+ CRI, T5, T8 or 4-Pin Quad tube 
compact lamps.  U-bent tubes are not permitted. 

2.7.12 Exterior Electrical Distribution 

A. Provide electrical service by installing a new distribution transformer for the hangar.  Extend 
underground service to the new pad mounted transformer located adjacent to the hangar from 
the overhead distribution line on the North side of Arctic Warrior Drive.  Coordinate the pole to 
take distribution from with the Base Utility. Comply with RUS Standards for pole hardware and 
underground distribution. 

B. Underground primary cables shall consist of underground cable in conduit from fused cut-outs at 
the overhead distribution to the transformer.  Cables shall conform to the requirements of 
NEMA WC 8 using ethylene-propylene-rubber (EPR), 15 kV, 133 percent insulation and a 
nonmetallic jacket with concentric neutral conductors.  Cables shall have both conductor and 
insulation shielding for each phase.   

C. Provide Sorel Brown paint on all exterior electrical distribution equipment, including enclosures 
for switchgear, sectionalizers and transformers. 

D. Pad Mounted Transformer 

E. Building transformer shall be a pad-mounted, Y-Y, 12,470/7,200 primary volts.  Transformer 
shall be oil filled, through feed, and dead front construction with separate high and low voltage 
compartments complying with ANSI C57.12.26. 

F. Transformer shall be equipped with primary fuse protection, surge arresters, connectors, 
bushings, parking bushings, load-break switches, adjustable, no-load tap changers, concrete 
pad and ground ring.  Distance between transformer and other structures shall be in 
accordance with Military Handbook 1008C requirements. 

G. Concrete Pads - may be either pre-fabricated or cast-in-place and shall have minimum 20 MPa 
compressive strength.  Tops of concrete pads shall be level and shall project 100 mm (4”) 
above finished grade and sloped to drain.  Edges of concrete pads shall have 20 mm (3/4”) 
chamfer all around.  Where grounding electrode conductors are installed through concrete 
pads, PVC conduit sleeves shall be installed through the concrete to provide physical 
protection.  To facilitate cable installation and termination, the concrete pad shall be provided 
with a rectangular hole below the primary and secondary compartment. 

H. The Contractor is to remove the overhead distribution line through the building site as shown on 
drawing C1 in Appendix from the first pole west of Truemper Drive through the next seven 
poles. Dead-end the poles that remain at the ends of the line. 

I. Secondary Service - shall consist of underground wiring installed in conduit from the pad-
mounted transformer to the main distribution panel.  Provide type XHHW-2 cable in accordance 
with NEC for secondary feeder. The service entrance conductors shall not be larger than 500 
kcmil. Provide parallel runs of conductors to achieve adequate conductor ampacity 
requirements.  

J. Coordinated Power System Protection 
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1. Prepare and submit an analysis demonstrating that the equipment and system 
constructed meets the specific requirements for equipment ratings, coordination, and 
protection.  The analysis shall include a fault current analysis and protective device 
coordination study.  Protective devices shall be based on the recommendations of this 
study. 

2. The fault current analysis, and protective device coordination study shall begin at the 
source bus and extend through the primary transformers, distribution equipment, low 
voltage (600 V and below) transformers, panelboards, loadcenters, feeder and branch 
circuit wiring. 

3. The Contractor shall obtain from the base utility the fault current availability at the site or 
use an infinite bus as the calculation basis.  Main power transformer ratings shall be 
coordinated with the requirements of the base utility as to impedance, impedance 
standard, insulation level, bushing configuration, fusing requirements, temperature rise 
and tap configuration. 

4. A single line diagram shall be prepared to show the electrical system buses, devices, 
transformation points, and all sources of fault current (including motor contributions).  
Locations of switches, breakers, and circuit interrupting devices shall be shown on the 
diagram together with available fault data, and the device interrupting rating. 

5. The fault current analysis shall be performed in accordance with methods described in 
IEEE Std 242, and IEEE Std 399.  Actual data shall be used in fault calculations.  Bus 
characteristics and transformer impedance shall be those proposed.  Data shall be 
documented in the report.  Balanced three-phase fault, bolted line-to-line fault, and line-
to-ground fault current values shall be provided at each voltage transformation point and 
at each power distribution bus.  The maximum values of fault available at each location 
shall be shown on the diagram or in the report. 

6. Coordination Study shall demonstrate that the maximum possible degree of selectivity 
has been obtained between devices specified, consistent with protection of equipment 
and conductors from damage from overloads and fault conditions.  The study shall 
include a description of the coordination of the protective devices in this project.  Provide 
a written narrative to describe how the devices may operate in the event of a fault at each 
bus; the logic used to arrive at the device ratings and settings; situations where system 
coordination is not achievable due to device limitation (an analysis of any device curves 
which overlap); the coordination between upstream and downstream devices. 

2.7.13 Interior Distribution 

A. The electrical system shall consist of a Main Distribution Panel located in the electric room for 
distribution of power to branch circuit panelboards located around the facility to optimize 
conductor lengths and avoid power quality problems.  Distribution equipment shall be deadfront 
construction and equipped with copper busses.  A minimum of two 250 Amp, 3-pole circuit 
breaker spaces shall be provided for future use.  Service entrance equipment shall be fully 
rated for available fault current. 

B. The service Main Distribution Panel (MDP) shall be equipped with Transient Voltage Surge 
Suppression. 

C. Provide MDP power monitoring equipment on the incoming feeder to provide the features and 
monitor the following parameters: 
1. Current, per phase 
2. Neutral current 
3. Voltage, line to line 
4. Voltage, line to neutral 
5. Real power, kW 
6. Reactive power, kVAr 
7. Apparent power, kVA 
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8. Power factor 
9. Frequency 
10.  Real power demand, kWd 
11.  Reactive power demand, kVArd 
12.  Apparent power demand, kVAd 
13.  Real energy, kWh 
14.  Apparent energy, kVAh 
15.  Energy accumulation modes 
16.  KYZ output 
17.  RS-485 and Modbus RTU connection 
18.  THD, voltage and current 

D. Motor and Circuit Disconnects: These units will be sized for the specific circuit and application in 
which they are used. Each motor will be provided with a local, horsepower rated disconnect.  
Circuit disconnects will have ampere ratings equal to or greater than the ampere rating of the 
circuit supplying the equipment.  All disconnects will be of the heavy -duty type. 

E. Motor Starters: Unless special considerations require selection of other types of starters, starters 
will be horsepower-rated and will consist of toggle-type manual starters for fractional 
horsepower motors and full NEMA size units sized for those motors greater than 0.37 kW (1/2 
horsepower) in size or of 3-phase configuration. Starters will be equipped with red run pilot 
light, control transformer, start-stop push-buttons or  H-O-A switches as required and 
connected so control will be shut down when the disconnect switch is opened for any reason. 

F. Where motors exceed 14.71 kW (20 HP) in rating and do not warrant VFD controllers provide 
auto-transformer reduced voltage starters or solid-state, soft-start controllers. 

G. Branch Circuit Panel boards shall be dead-front construction with copper buses and bolt-on 
circuit breakers, and shall have 15% minimum spare capacity above the NEC demand loads 
served.  They shall be fully rated for the available fault current.  Provide a minimum of 15% 
spare single pole breakers in each panel board. 

H. Transformers, Dry-Type: Single and three-phase transformers shall have shielded, copper 
windings. Provide insulation Class F Transformers with 185 degrees C insulation and a 
maximum 115 degrees C rise under full-rated load in a maximum ambient temperature of 40 
degrees C. 

2.7.14 Conduit and Raceway 

A. All wiring shall be installed in raceway.  Raceways shall be specified of the type suited for the 
applications and locations.  Raceway shall not be smaller than 16 mm (1/2”) in diameter unless 
otherwise noted.  Provide concealed conduit in all areas except utility spaces. 

B. Conduit Installation Schedule: 
1. Underground Installations:  Rigid Metal Conduit or Intermediate Metal Conduit. 
2. In or Under Slab on Grade:  Rigid Metal Conduit or Intermediate Metal Conduit.  

Minimum Size:  27 mm  diameter. 
3. Outdoor Locations, Above Grade:  Rigid Metal Conduit or Intermediate Metal Conduit. 
4. In Slab Above Grade: Rigid Metal Conduit, Intermediate Metal Conduit, Electrical Metallic 

Tubing, Non-Metallic Conduit. 
5. Stub-ups from underground and in-slab locations:  Rigid Metal Conduit or Intermediate 

Metal conduit to a height of 150mm (6 in.) above grade or finished slab. 
6. Wet and Damp Locations:  Rigid Metal Conduit or Intermediate Metal Conduit. 
7. Dry Locations Concealed:  Rigid Metal Conduit, Intermediate Metal Conduit, Electrical 

Metallic Tubing. 
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8. Dry Locations Exposed:  Rigid Metal Conduit or Intermediate Metal Conduit up to 3660 
mm above finish floor.  Electrical metallic tubing may be used above 3660 mm above 
finish floor. 

C. Use conduit bodies to make sharp changes in direction, as around beams. 

D. Provide suitable fittings or methods to accommodate expansion and deflection where conduit 
crosses seismic, control and expansion joints. 

E. Provide suitable nylon pull string or tape in each empty conduit except sleeves and nipples. 

2.7.15 Conductors 

A. Conductors shall be copper, Class A or B stranded or solid.  Provide building wiring of insulation 
type THHN or XHHW.  Power wiring shall be 12 AWG or larger.  Control conductors may be 14 
AWG or larger.  Provide type XHHW insulation in all locations which may be exposed to 
temperatures less than 0° C. 

2.7.16 Devices 

A. Receptacles - provide NEMA 5-15R, 5-20R or 5-30R, single or duplex, grounding, back and side 
wired, receptacles with white finish,  UL no. 498 approved, nylon face, brass terminal screws, 
self-grounding, certified to comply with nema WD-1, screw terminal or screw clamp type only.  
Back wiring shall be screw clamp type terminals which will accept up to #10 wire.  Spring 
(friction) clamped type terminations are not acceptable.  Provide duplex convenience 
receptacles with class 3 integral ground fault current interrupter as required for the application. 

B. Explosion proof receptacles – provide positive polarization, with extra grounding pole and shell, 
deep recessed brass contacts, spring-loaded moisture resistant covers. Aluminum receptacle 
with malleable iron mounting box, for threaded conduit. Rating shall match the class and 
division of the local environment. Appleton U-line or equal. 

C. Electric Reels – continuous swivel spring driven, 30 meter cable, explosion proof, split ball stops, 
fitted with receptacle. Appleton Type RL or equal. 

D. Snap switches - provide white, NEMA WD-1 15 A, 120 V and 277V ac, back and side wired; 
back wiring shall be clamp-type terminals which will accept up to #10 wire.  General use snap 
switch, UL no. 20 listed, self-grounding binding screw-type terminals with white toggle.  Screw 
terminal or screw clamp type only.  Spring (friction) clamped type terminations are not 
acceptable.  Install switches with off position down. 

E. Provide brushed stainless steel device plates for boxes and devices in interior, finished spaces. 

F. Provide weatherproof while in use metallic covers for exterior receptacles. 

2.7.17 Identification  

A. Nameplates: Engraved three-layer laminated plastic, white letters on black background at each 
electrical distribution and control equipment enclosure and communication cabinets. 

B. Provide engraved device plates with black filled lettering for all receptacles other than NEMA 5-
20R and control devices (other than light switches). 
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C. Wire Markers: Each conductor at panel board, outlet and junction boxes, and each load 
connection.  Legend: 
1. Power and Lighting Circuits: Panleboard and branch circuit or feeder number indicated 

on drawings. 
2. Control Circuits:  Unique control wire number indicated on appropriate shop drawings. 

D. Conduit Markers: Furnish markers for each conduit longer than 3050 mm (10 ft), spaced 6100 
mm (20 ft) on center.  A consistent color and text label shall be established for the project. 

E. Underground Warning Tape.  Provide detectable tape for all below grade installations. 

F. Label the service and generator room with signage indicating emergency power available under 
automatic start, with no warning. 

2.7.18 Field Testing 

A. A proposed field test plan including the test safety plan shall be prepared based on the 
Acceptance Testing Specifications for Electric Power Distribution Equipment and Systems 
developed by the International Electrical Testing Association, Inc. (NETA).  Submit the plan 30 
days prior to testing the installed equipment or systems.  The test plan shall consist of complete 
field test procedures including tests to be performed, test equipment required, and tolerance 
limits.  Field testing shall be performed in the presence of the Contracting Officer.  The 
Contractor shall notify the Contracting Officer 7 days prior to conducting tests.  The Contractor 
shall perform all tests and inspections recommended by the manufacturers unless specifically 
waived by the Contracting Officer.  The Contractor shall maintain a written record of all tests 
which includes date, test performed, personnel involved, devices tested, serial number and 
name of test equipment, and test results.  Field test reports shall be signed and dated by the 
Contractor. 

B. Measure and record lighting levels after installation to insure that the lighting levels are within the 
recommended levels and meet the allowable ratio guidelines per I.E.S and USAF Technical 
Instruction 811-16.  Provide tabulation comparing actual lighting levels with calculated (1.0 
LLD) levels demonstrating that the end of service levels will remain within the above guidelines. 

C. Ground Resistance Tests shall be measured using the fall-of-potential method defined in IEEE 
Std. 81.  Ground resistance measurements for electrical distribution and signal reference 
ground shall be made before the electrical distribution system is energized and shall be made 
in normally dry conditions not less than 48 hours after the last rainfall.  Make resistance 
measurements of separate grounding electrodes before the systems are bonded together.  If a 
made electrode (ground rod)does not have a minimum 25 ohms resistance to ground and 
additional ground rod shall be added in accordance with NEC section 250.56. 

D. Medium-Voltage Cable shall be field tested and inspected in accordance with NETA ATS.  
Perform field inspections and tests listed in NETA ATS, Section 7.3.3. 

E. Low-Voltage Cable Tests Low-voltage feeder cable, complete with splices, shall be tested for 
insulation resistance after the cables are installed, in their final configuration, ready for 
connection to the equipment, and prior to energization.  The test voltage shall be 500 volts dc, 
applied for one minute between each conductor and ground and between all possible 
combination conductors in the same trench, duct, or cable, with all other conductors in the 
same trench, duct, or conduct.  Perform megger tests prior to installing cable and immediately 
after pulling.  

F. Transformer Tests 
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1. The following field tests shall be performed on all transformers.  Pass-fail criteria shall be 
in accordance with transformer manufacturer’s specifications and in compliance with 
ANSI and NEMA standard: 
a) Insulation resistance test phase-to-ground. 
b) Turns ratio test. 
c) Correct phase sequence. 
d) Correct operation of tap changer. 

2. Transformers shall be field tested and inspected in accordance with NETA ATS, except 
Section 4.  Perform field inspections and tests listed in NETA ATS, Section 7.2. 

G. Telephone/Data Wiring Tests 
1. All circuits shall be tested using a test set that meets the Class II accuracy requirements 

of EIA/TIA TSB 67 and 95.  Testing shall use the Basic Link Test procedure of EIA/TIA 
TSB 67 and 95. 

2. Emergency Generator Test 
a) Provide a load test on the generator for a minimum of 2 hours at 10% load, 4 

hours at 50% load and 8 hours a 100% load. Provide full load test using the 
permanent test bank.  Simulate power failure including operation of transfer 
switch, automatic starting cycle, and automatic shutdown and return to normal. 

b) Record in 20 minute intervals during four hour test: 
Ø Kilowatts 
Ø Amperes 
Ø Voltage 
Ø Coolant temperature 
Ø Room temperature 
Ø Frequency 
Ø Oil pressure 

c) Test alarm and shutdown circuits by simulating conditions. 

2.7.19 Land Mobile Radio Systems 

A. Provide three drops with coax cable in 50 mm conduit from roof mount, government furnished, 
Land Mobile Radio Antennas.  Coordinate mounting locations and conduit/cable termination 
points with Base and Hangar personnel.  Terminate conduits on roof with a NEMA 3R junction 
box for wiring by others.  Provide GNC connectors at each coax cable-end. 

2.7.20 Specialty Systems 

A. Provide a minimum of 4, 200A, 3 phase, 480V receptacles and 4, 20A, single phase 120V 
receptacles in the aircraft fuel cell maintenance locations within the hangar and at the exterior 
fuel cell maintenance location. 

2.7.21 Seismic Protection 

A. All electrical fixtures, conduits and equipment shall be seismically braced. Provide all necessary 
steel, hardware, devices and factory-manufactured components required for seismic protection 
of all electrical equipment furnished under this contract, such as transformers, generators, 
supporting pads, light fixtures, etc. 

B. Provide snubbers and flexible bracing as required for vibration isolation and earthquake 
protection.  Use preferred factory-furnished equipment and devices to the extent feasible. 

2.7.22 Seismic Design Criteria 
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A. Design bracing and snubbers in accordance with Corps of Engineers Guide Specifications, 
SECTION 16070, “Seismic Protection for Electrical Equipment.”  In particular, follow TI 809-4,  
“Seismic Design for Buildings,” referenced in the stated document.  The design shall also 
comply with AFM 88-3. 

B. Follow manufacturer’s recommendations in selecting all factory-furnished devices. 

C. Submit an analysis of all required seismic control for evaluation and approval, as relating to 
electrical equipment. 

2.7.23 Prohibited Items 

A. Type AC, MC, NM, NMS, NMC wire 

B. U-tube fluorescent lamps 

C. Exterior floodlights 

D. Exterior wall packs 

E. Plastic boxes 
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PART 2 MINIMUM DESIGN CRITERIA 

2.8 FIRE PROTECTION DESIGN CRITERIA 

2.8.1 Minimum Requirements:  the following are minimum requirements for the Fuel Cell Maintenance 
Hangar, which must be included in a successful proposal. 

2.8.2 References 

A. The publications listed below form a part of this specification to the extent referenced.  The 
publications are referred to in the text by basic designation only. Note:  If dates are not given for 
reference standards or criteria, the latest edition is to be used. 

B. Design and Construction shall be in accordance with the following codes, standards, and 
regulations, latest adopted edition. 
1. UFC 1-200-01 (appendix 2) shall direct the various codes in effect for this discipline. 
2. AM#16... ETL 02-15 ...AM#16, Fire Protection Engineering Criteria – New Aircraft 

Facilities 
3. ETL 1110-3-484, Engineering and Design, Aircraft Hangar Fire Protection Systems 
4. MIL-HDBK-1008C, Fire Protection for Facilities Engineering, Design, and Construction. 
5. TN 1423, National Institute of Standards and Technology (NIST), Analysis of High Bay 

Hangar Facilities for Fire Detector Sensitivity and Placement 
6. TI 809-04, Seismic Design for Buildings 
7. International Fire Code (IFC), 2000 
8. International Building Code (IBC), 2000 
9. AM#16… NFPA 11A, Standard for Medium and High Expansion Foam Systems, 1999 

…AM #16 
10.  NFPA 13, Installation of Sprinkler Systems 
11.  NFPA 16A, Closed-Head Foam-Water Sprinkler Systems 
12.  NFPA 20, Installation of Centrifugal Fire Pumps 
13.  NFPA 24, Installation of Private Fire Service Mains and Their Appurtenances 
14.  NFPA 70, National Electrical Code 
15.  NFPA 72, National Fire Alarm Code 
16.  NFPA 101, Life Safety Code 
17.  NFPA 409, Standard on Aircraft Hangars 
18.  NFPA 1963 Fire Hose Connections 
19.  ANSI S3.41 Audible Emergency Evacuation Signals. 

2.8.3 Fire Protection Sprinkler System 

A. Design Criteria 
1. The fire protection systems shall be a combination of wet, dry, and pre-action pipe 

sprinkler systems, and low level high expansion foam system designed in accordance 
with AM#16... ETL 02-15 ...AM#16, based on the hazard classification, occupancy, area, 
etc.  Sprinkler systems shall be provided in all areas of the building.  All areas subject to 
outside ambient temperature shall have a dry sprinkler system. The hanger area shall be 
provided with an overhead pre-action sprinkler system activated by a roof or ceiling level 
thermal detection system, and also be protected by a low-level high expansion foam 
system. Adjacent support spaces shall be provided with wet sprinkler system.  The 
contractor shall comply with all the requirements listed in AM#16… ETL 02-15 and …AM 
#16 MIL-HDBK-1008C. 

2. The fire protection systems shall be hydraulically designed.  Hydraulic calculations shall 
be in accordance with the Area/Density method of NFPA 13, and in accordance with 
minimum densities and areas indicated in AM#16... ETL 02-15 ...AM#16. AM#16… The 
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requirements of NFPA 13 for increases in system design area of operation for slope 
ceiling and dry -pipe and preaction systems shall be included in system design and water 
demand calculations. …AM#16 

3. The water service shall be based on the hydrant water test flow data contained in the 
Appendix and verified by a new field test performed by the contractor. Refer to section 
2.3 Civil Design Criteria for available water source(s). 

4. The fire protection systems shall be designed by a qualified fire protection engineer who 
is experienced in the design of Aircraft, and meets the requirements of AM#16... ETL 02-
15 ...AM#16, section A1.6.1. The systems shall be installed by a firm that specializes and 
is experienced in the installation of these systems. The engineer's professional seal shall 
appear on all calculations and shop drawings. 

5. The fire protection systems shall be designed to withstand earthquakes attributable to 
IBC Seismic acceleration, and shall include all hangers and earthquake bracing as 
required. 

6. The contractor shall design a fire pump and/or sprinkler storage tank, if required due to 
inadequate fire flows.  Comply with NFPA 20 requirements. Refer to the Civi l section of 
the specifications for potential water supply sources. 

7. Submit all calculations and layout drawings for review and approval, prior to construction. 
8. All mechanical AM#16… and Fire protection …AM#16 piping, ductwork and equipment 

shall be seismically braced.  Provide all necessary steel, hardware, devices and factory-
manufactured components required for seismic protection of all mechanical AM#16… 
and Fire protection …AM#16 equipment furnished under this contract.Design bracing and 
snubbers in accordance with Corps of Engineers Guide Specifications, SECTION 15070, 
“Seismic Protection For Mechanical Equipment.”  In particular, follow TI 809-04, “Seismic 
Design for Buildings,” referenced in the stated document. The design shall also comply 
with AFM 88-3.  Follow manufacturer’s recommendations in selecting all factory-furnished 
devices.  Submit an analysis of all required seismic control for evaluation and approval, 
as relating to mechanical equipment AM#16… and fire protection system and equipment. 
…AM#16 

2.8.4 Materials: 

A. Foam concentrate piping shall be stainless steel. Fittings shall be threaded, flanged, or grooved. 

B. Foam-water solution piping shall be AM#16… schedule 40  …AM#16 steel conforming to ASTM 
A-795 or ASTM A53. Fittings shall be threaded, flanged, or grooved. 

C. Foam concentrate pumps shall be of stainless steel construction 

D. Piping and valves shall comply with NFPA 13. All equipment and components shall bear UL or 
FM label or marking. 

E. AM#16… Sprinkler Piping: Schedule 40 black steel only, conforming to ASTM A-795 or ASTM A 
53 with welded threaded or grooved joint couplings. Dry pipe system piping shall be identical 
except pipe and fittings shall be galvanized. …AM #16 

F. Valves: 
1. Gate:  OS&Y, iron body, bronze trim, flanged, 175 lb. WOG 
2. Check:  Iron body, swing check, bronze disc and trim, flanged 175 lb.  WOG. 

 

2.8.5 Minimum Basic Requirements 
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A. Locate fire department connection with sufficient clearance from walls, obstructions, or adjacent 
Siamese connectors to allow full swing of fire department wrench handle. Do not provide fire 
department connections on foam-water systems. 

B. Locate fire department connection to be fully accessible by a fire truck, from the building access 
road or parking lot. 

C. AM#16… All of the components of the …AM#16 sprinkler system components shall be 
accessible without damage or modification to the component.  Components of the sprinkler 
system subject to maintenance, annual testing, and repair shall be maintainable, accessible 
and repairable by locally available service organization personnel. 

D. Fire sprinkler piping shall be routed, distributed and concealed above the suspended ceiling with 
recessed chrome plated heads and white escutcheons.  Sprinkler piping in mechanical, 
electrical rooms and fan room mezzanines shall be exposed with upright sprinklers. 

E. Center heads in two directions in ceiling tile and provide piping offsets as required. 

F. Provide a: 65mm x 65mm x 100mm fire department connection, siamese cast brass body and 
trim, having two individual clapper valves.  Flush mount.  Lettering required, “AUTO SPRKR".  
Provide Knox-FDC Cap.  Exposed parts polished chrome.  Hose threads to match local 
standards. 

G. AM#16… Protect base water supply from fire protection systems with backflow prevention 
devices in accordance with ETL 02-15 and AFR 91-13.  …AM #16 

H. Sprinkler heads installed in finished spaces shall be concealed or semi-concealed type. 

I. Water motor alarms shall not be used.  All sprinkler system alarms shall be electrically powered. 

J. The sprinkler system piping and sprinkler head locations shall be coordinated and be compatible 
with ceiling types, light fixtures, HVAC air diffusers, HVAC ducts and structural members.  The 
location of all heads and the routing of all piping shall be subject to the approval of the 
Contracting Officer. AM#16… Sprinkler heads shall be centered in all corridors and hallways. 
…AM#16 

K. Provide snubbers and flexible bracing as required for vibration isolation and earthquake 
protection.  Use factory -furnished equipment and devices to the extent feasible. 

L. Provide draft curtains around each sprinkler system or up to 1400 square meters for hanger 
areas. 

M. Provide a dedicated fire protection room for foam-concentrate storage and proportioning 
systems, separated from aircraft servicing areas by 1-hour rated construction minimum.  

N. Provide fire pumps and pressure booster pumps where required, in compliance with AM#16... 
ETL 02-15 ...AM#16.   AM#16…  Electric Drive Fire Pumps or pressure booster pumps are not 
allowable. If fire pumps and pressure booster pumps are required only diesel will be 
acceptable. …AM#16 

 

2.8.6 Preferred Items 

A. There are no preferred items. 



    
NEW FUEL SYSTEMS MAINTENANCE HANGAR ELM179      
DACA85-02-R-0009, AMENDMENT R0016 
 

 SECTION 01010 Page 104 

 

2.8.7 Prohibited Items 

A. The following items are prohibited from use, and may adversely impact the proposal evaluation. 
1. Plastic pipe and fittings inside the building are not allowed. 
2. Schedule 20 pipe is not acceptable. 
3. AM#16…  Segmented welded fittings. 
4. Plain end fittings. 
5. Fittings which use gripping devices to bit into pipe. 
6. Outlet and Branch fittings that clamp onto pipe. …AM#16 

 

2.8.8 Fire Alarm System 

A. Compliance 
1. The fire detection and alarm system and the central reporting system shall be configured 

in accordance with ETL 1110-3-484, AM#16... ETL 02-15 ...AM#16, TN 1423, NFPA 72, 
UFC101 and MIL-HDBK-1008C.  The equipment furnished shall be compatible and be 
UL listed, FM approved, or listed by a nationally recognized testing laboratory in 
accordance with the applicable NFPA standards.  The fire alarm system shall be able to 
communicate with Monaco D-700 fire reporting at the fire station by device/zone via radio 
transmitter.  It is recommended that Monaco BT2 -8 or equal is provided.  Transmitting 
frequency shall be 148.425 MHz. 

2. System Requirements 
a) Fire alarm system shall be fully addressable up to each individual device and 

designed to accommodate the entire building.  The system shall include 
connections for at least 2 additional zones and provisions for the addition of 
future zones. 

b) Addressable initiation and notification devices, supervision and other functions 
shall be controlled, monitored and annunciated from the Fire Alarm Control 
Panel. 

c) The pull stations shall be non-glass break type and not require the use of a key 
to reset. 

d) Duct detectors located in concealed locations shall provide remote annunciation 
and test switch. 

e) The system shall also include a strobe alarm visual indicator located on the 
corner of the building pointing toward the tower. 

f) Device mounting heights will be in accordance with ADA Accessibility Guidelines 
for Building and Facilities requirements.  Fire detection reporting system shall be 
via radio transceiver and be able to communicate with the central fire station by 
zone. 

g) AM#16… All requirements described and shown in ETL 02-15 shall be 
incorporated into the facility detection and alarm system. Strict compliance with 
all aspects of ERL 01-2 is required for all aspects of this system.  …AM #16 

B. Operation 
1. The fire alarm and detection system shall be a complete, supervised, Class A fire alarm 

system.  The system shall be activated into the alarm mode by actuation of any alarm-
initiating device.  The system shall remain in the alarm mode until the initiating device is 
reset and the fire alarm control panel is reset and restored to normal. Alarm initiating 
devices shall be connected to initiating device circuits (IDC) Style D, to signal line circuits 
(SLC), Style 6, in accordance with NFPA 72.  Alarm notification appliances shall be 
connected to notification appliance circuits (NAC), Style Z in accordance with NFPA 72.  
A looped conduit system shall be provided so that if the conduit and all conductors within 
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are severed at any point, all IDC, NAC and SLC will remain functional.  Textual, audible, 
and visual appliances and systems shall comply with NFPA 72. 

2. Fire alarm system components requiring power, except for the control panel power 
supply, shall operate on 24 Vdc.  Addressable system shall be microcomputer 
(microprocessor or microcontroller) based with a minimum word size of eight bits and 
shall provide the following features: 
a) Sufficient memory to perform all functions for addressable system. 
b) Individual identity of each addressable device for the following conditions: alarm 

trouble; open; short; and appliances missing/failed remote detector-sensitivity 
adjustment from the panel for smoke detectors. 

c) Capability of each addressable device being individually disabled or enabled 
from the panel. 

d) Each SLC shall be sized to provide 100 percent addressable expansion without 
hardware modifications to the panel. 

3. Operational Features - the system shall have the following operating features: 
a) Monitor electrical supervision of IDC, SLC, and NAC. 
b) Monitor electrical supervision of the primary power (ac) supply, battery voltage, 

placement of alarm zone module (card, PC board) within the control panel, and 
transmitter tripping circuit integrity. 

c) A trouble buzzer and trouble LED/LCD  to activate upon a single break, open, or 
ground fault condition, which prevents the required normal operation of the 
system.  The trouble signal shall also operate upon loss of primary power (ac) 
supply, low battery voltage, removal of alarm zone module (card, PC board), and 
disconnection of the circuit used for transmitting alarm signals off-premises.  A 
trouble alarm silence switch shall be provided which will silence the trouble 
buzzer, but will not extinguish the trouble indicator LED/LCD.  Subsequent 
trouble and supervisory alarms shall sound the trouble signal until silenced. After 
the system returns to normal operating conditions, the trouble buzzer shall again 
sound until the silencing switch returns to normal position, unless automatic 
trouble reset is provided. 

d) A one person test mode.  Activating an initiating device in this mode will activate 
an alarm for a short period of time, then automatically reset the alarm, without 
activating the transmitter during the entire process. 

e) A transmitter disconnect switch to allow testing and maintenance of the system 
without activating the transmitter but providing a trouble signal when 
disconnected and a restoration signal when reconnected. 

f) Evacuation alarm silencing switch which, when activated, will silence alarm 
devices, but will not affect the zone indicating LED/LCD nor the operation of the 
transmitter.  This switch shall be over-ridden upon activation of a subsequent 
alarm from an unalarmed device and the NAC devices will be activated. 

g) Electrical supervision for circuits used for supervisory signal services (i.e. 
sprinkler systems, valves, etc.).  Supervision shall detect any open, short, or 
ground. 

h) Confirmation or verification of all smoke detectors.  The control panel shall 
interrupt the transmission of an alarm signal to the system control panel for a 
factory-preset period.  This interruption period shall be adjustable from 1 to 60 
seconds and be factory set at 20 seconds.  Immediately following the interruption 
period, a confirmation period shall be in effect during which time an alarm signal, 
if present, will be sent immediately to the control panel.  Fire alarm devices other 
than smoke detectors shall be programmed without confirmation or verification. 

i) The fire alarm control panel shall provide supervised addressable relays for 
HVAC shutdown.  An override at the HVAC panel shall not be provided. 

j) The fire alarm control panel shall provide the required monitoring and supervised 
control outputs needed to accomplish fire department over-rides, if required. 
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k) The fire alarm control panel shall monitor the fire sprinkler system, or other fire 
protection extinguishing system. 

l) The control panel and field panels shall be software reprogrammable to enable 
expansion or modification of the system without replacement of hardware or 
firmware.  Examples of required changes are: adding or deleting devices or 
zones; changing system responses to particular input signals; programming 
certain input signals to activate auxiliary devices. 

2.8.9 Alarm Functions:  an alarm condition on a circuit shall automatically initiate the following 
functions: 

A. Transmission of signals over the station radio fire reporting system via a Monaco BT2 -8 
transmitting unit. The signal shall be different for each device.  The transceiver shall send the 
following signals: 
1. General trouble. 
2. Transmitter trouble. 
3. Sprinkler trouble. 
4. AHU duct detector. 
5. AM#16… In addition to the above listed signals, all signals described and shown in ETL 

02-15 for facility detection and alarm systems shall be  transmitted to the fire department. 
…AM#16 

B. Visual indications of the alarmed devices on the fire alarm control panel display. 

C. Continuous sounding or operation of alarm notification appliances throughout the building as 
required by ANSI S3.41. 

D. Closure of doors held open by electromagnetic devices. 

E. Operation of the smoke control system. 

F. Deactivation of the air handling units throughout the building. 

G. Shutdown of power to the data processing equipment in the alarmed area. 

H. AM#16… Other sequences and activations as described and shown in ETL 02-15 for the hanger 
fire protection system.  …AM #16 

2.8.10 Installer qualification 

A. The installing Contractor shall provide the following:  NICET Level 2 or higher Fire Alarm 
Technician shall install and terminate fire alarm devices, cabinets and panels.  A licensed 
electrician or NICET Level 1 Fire Alarm Technician shall install conduit for the fire alarm 
system. 

2.8.11 Design services 

A. Installations requiring designs or modifications of fire detection, fire alarm, or fire suppression 
systems shall require the services and review of a qualified fire protection engineer.  For the 
purposes of meeting this requirement, a qualified fire protection engineer is defined as an 
individual meeting one of the following conditions: 
1. An engineer having a Bachelor of Science or Masters of Science Degree in Fire 

Protection Engineering from an accredited university engineering program, plus a 
minimum of 2 years work experience in fire protection engineering. 
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2. A registered professional engineer (PE) in fire protection engineering. 
3. A registered PE in a related engineering discipline and member grade status in the 

National Society of Fire Protection Engineers. 
4. An engineer with a minimum of 10 years experience in fire protection engineering and 

member grade status in the National Society of Fire Protection Engineers. 

2.8.12 Technical Data and Software 

A. Data delivered shall be identified by reference to the particular specification paragraph against 
which it is furnished. Data to be submitted shall include complete system, equipment, and 
software descriptions. 

B. Descriptions shall show how the equipment will operate as a system to meet the performance 
requirements of this contract. The data package shall also include the following: 
1. Identification of programmable portions of system equipment and capabilities. 
2. Description of system revision and expansion capabilities and methods of implementation 

detailing both equipment and software requirements. 
3. Provision of operational software data on all modes of programmable Portions of the fire 

alarm and detection system. 
4. Description of Fire Alarm Control Panel equipment operation. 
5. Description of auxiliary and remote equipment operations. 
6. Library of application software. 
7. Operation and maintenance manuals. 

2.8.13 Control Panel 

A. Control Panel shall comply with the applicable requirements of UL 864.  The panel shall have 
prominent rigid plastic, phenolic or metal identification plates for LED/LCDs, zones, SLC, 
controls, meters, fuses, and switches.  Nameplates for fuses shall also include ampere rating.  
The LED/LCD displays shall be located on the exterior of the cabinet door or be visible through 
the cabinet door.  Control panel switches shall be within the locked cabinet. A suitable means 
(single operation) shall be provided for testing the control panel visual indicating devices 
(meters or LEDs/LCDs). Meters and LEDs shall be plainly visible when the cabinet door is 
closed. Signals and LEDs/LCDs shall be provided to indicate by zone any alarm, supervisory or 
trouble condition on the system. Each IDC shall be powered and supervised so that a signal on 
one zone does not prevent the receipt of signals from other devices. Loss of power, including 
batteries, shall not require the manual reloading of a program.  Upon restoration of power, 
startup shall be automatic, and shall not require any manual operation. The loss of primary 
power or the sequence of applying primary or emergency power shall not affect the 
transmission of alarm, supervisory or trouble signals. Visual annunciation shall be provided for 
LED/LCD visual display as an integral part of the control panel and shall identify with a word 
description and ID number each device. Cabinets shall he provided with ample gutter space to 
allow proper  clearance between the cabinet and live parts of the panel equipment. If more than 
one modular unit is required for a control panel, the units shall be installed in a single cabinet 
large enough to accommodate units. 

2.8.14 Circuit Connections 

A. Circuit conductors entering or leaving the panel shall be connected to screw-type terminals with 
each conductor and terminal marked for identification. 

2.8.15 System Expansion and Modification Capabilities 

A. Any equipment and software needed by qualified technicians to implement future changes to the 
fire alarm system shall be provided as part of this contract. 
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2.8.16 Battery and Charger 

A. Storage batteries shall be provided and shall be 24 Vdc sealed, lead-calcium type requiring no 
additional water. The batteries shall have a capability, with primary power disconnected of 
operating the fire alarm system for a period of 24 hours. 

B. Battery charger shall be completely automatic, 24 Vdc with high/low charging rate, capable of 
restoring the batteries from full discharge (18 Volts dc) to full charge within 48 hours. 

2.8.17 Initiating and Detecting Devices 

A. Fire indicating and detecting  devices shall comply with the applicable requirements of NFPA 72, 
NFPA 9OA, UL 38, UL 268, UL 968A, UL 521 AM#16… ETL 02-15 …AM#16 and Military 
Handbook 1008C. Devices shall be individually addressable. Detectors located in concealed 
locations shall have a remote visible indicator LED/LCD. Devices shall be dynamically 
supervised and uniquely identified in the control panel.  Manual pull stations shall be capable or 
being field programmed, shall latch upon operation and remain latched until manually reset. 

2.8.18 Audible/Visual Notification Appliances 

A. Audible/visual notification appliances shall be provided to locations required by NFPA 72, NFPA 
101, NFPA 13 and Military Handbook 1OO8C. 

2.8.19 Electromagnetic Door Hold-Open Devices 

A. Devices shall comply with the appropriate requirements of UL 228.  Compatible magnetic 
component shall be attached to the door.  Devices shall be UL or FM approved.  As a 
minimum, allow for twelve (12) electrical door hold-open devices to be provided at locations to 
be determined during design. 

2.8.20 Conduit 

A. All wiring shall be in conduit.  Conduit and fittings shall comply with NFPA 70. 
 

2.8.21 Wiring 

A. Wiring for 120 Volt power shall be No. 12 AWG minimum.  Wiring for fire alarm dc circuits shall 
be No. 14 AWG minimum.  Voltages shall not be mixed in any junction box, housing, or device, 
except those containing power supplies and control relays.  Wiring shall conform to NFPA 70. 

2.8.22 Special Tools and Spare Parts 

A. Software, connecting cables and proprietary equipment, necessary for the maintenance, testing, 
and reprogramming of the equipment shall be furnished to the Contracting Officer.  A  computer 
shall be furnished to initially program and set-up  the system; it does not have to be provided 
for future use. Two spare fuses of each type and size required shall be furnished.  Two percent 
of the total number of each different type of detector, but no less than two each, shall be 
furnished.  Spare fuses shall be mounted in the fire alarm panel. 

2.8.23 Framed Building Location Map 
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A. Framed building location map under glass or in laminated plastic showing the complete layout of 
the building, including device addresses, device locations, and building room numbers, shall be 
posted next to fire alarm control panel. 

2.8.24 Testing 

A. Preliminary Tests: 
1. Upon completion of the installation, the system shall be subjected to functional and 

operational performance tests including tests of each installed initiating and notification 
appliance, when required.  Tests shall include the meggering of system conductors to 
determine that the system is free from grounded, shorted, or open circuits.  The megger 
test shall be conducted prior to the installation of fire alarm equipment.  If deficiencies are 
found, corrections shall be made and the system shall be re-tested to assure that it is 
functional.  After completing the preliminary testing, the Contractor shall complete and 
submit the NFPA 72, Certificate of Completion. 

B. Acceptance Tests: 
1. Acceptance testing shall not be performed until the Contractor has completed and 

submitted the Certificate of Completion.  Testing shall be in accordance with NFPA 72.  
The recommended tests in NFPA 72 shall be considered mandatory and shall verify that 
previous deficiencies have been corrected.  The Contractor shall complete and submit 
the NFPA 72, Inspection and Testing Form.  The test shall include all requirements of 
NFPA 72 and the following: 
a) Test of each function of the control panel 
b) Test of each circuit in both trouble and normal modes 
c) Tests of each alarm initiating devices in both normal and trouble conditions 
d) Tests of each control circuit and device 
e) Tests of each alarm notification appliance 
f) Tests of the battery charger and batteries 
g) Complete operational tests under emergency power supply 
h) Visual inspection of wiring connections 
i) Opening the circuit at each alarm initiating device and notification appliance to 

test the wiring supervisory feature 
j) Ground fault 
k) Short circuit faults 
l) Stray voltage 
m) Loop resistance 

 

2.8.25 Training 

A. Training course shall be provided for the operations and maintenance staff.  The course shall be 
conducted in the building where the system is installed or as designated by the Contracting 
Officer. The training period for systems operation shall consist of 1 training days (8 hours per 
day) and shall start after the system is functionally completed but prior to final acceptance tests.  
The training period for systems maintenance shall consist of 1 training days (8 hours per day) 
and shall start after the system is functionally completed but prior to final acceptance tests.  
The instructions shall cover items contained in the operating and maintenance instructions.  In 
addition, training shall be provided on performance of expansions or modifications to the fire 
detection and alarm system.  The training period for system expansions and modifications shall 
consist of at least 1 training days (8 hours per day) and shall start after the system is 
functionally completed but prior to final acceptance tests. 

2.8.26 Execution 
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A. All work performed in association with DACA85-00-D-0006/0005 shall be performed in a 
professional and craftsman-like manner. 

2.8.27 Preferred Items 

A. The following manufacturers are preferred for this project: 

B. Fire Alarm System by Pyrotronics. 

C. Radio Transmitter/Antenna by Monaco. 

2.8.28 Warranty 

A. Industry standard warranties for products used in construction of for DACA85-00-D-0006/0005 
shall apply.  Deviation from manufacturer’s required installation instructions or intended 
application, which will void a warranty, must be approved in writing by the government’s 
contracting officer. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PAGE LEFT INTENTIONALLY BLANK. 
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PART 1 - GENERAL 

1.1 SUMMARY 

A. This section lists items that must be submitted for review at various 
times during the preparation of the construction plans and 
specifications.  A meeting with the government is required following 
contract award, referred to as the “Proposal Design Documents Review 
Meeting”.  Design submittals are required at the 65% design stage, 95% 
design stage and at the 100% design stage.  The requirements of each 
design stage are listed in this section. 

B. Design submittals must comply with all requirements stated in this 
RFP.  In the event of any conflict between the RFP criteria and the 
Contractor’s submittals, the RFP criteria will govern unless there is 
a written and signed agreement between the Contractor and the 
Contracting Officer waiving a specific requirement. 

C. The Contractor shall provide design submittals for review by the 
Government according to the project Schedule. Quantities of submittal 
requirements are summarized in paragraph 1.4.  All submittals shall be 
delivered to the Elmendorf Resident Office, 8199 Fighter Dr, Elmendorf 
AFB. 

D. The Contractor shall prepare and submit for Government Approval a 
Design Contractor Quality Control Plan in accordance with SECTION 
01451 CONTRACTOR QUALITY CONTROL. 

1.2 GOVERNMENT REVIEW COMMENTS 

A. Design submittals and review conferences shall follow the schedule of 
the Contractor’s initial proposal and shall incorporate required 
periods for Government review.  Changes to that schedule must be 
requested in writing and approved by the Government. 

B. After receipt of the 65% submittal the Government shall have thirty 
(30) days for review and comment. After receipt of the 95% submittal 
packages, the Government shall have thirty (30) days for review and 
comment.  A Review Conference shall be scheduled at Elmendorf AFB 
during the first week after each review period.  The review will be 
for conformance with the requirements of the solicitation and the 
Contractor’s Proposal.  AM#16...  The Government center of Expertise 
for Hanger Fire Protection will review all design documents related to 
Fire Protection systems. The Contractor shall anticipate and schedule 
a minimum of 60 days for Government review for all Fire Protection 
System submittals. ...AM#16 

C. Review Conferences:  At the review conferences, or just prior to the 
conference, the Government will furnish the Contractor comments from 
the various design sections and from other concerned agencies involved 
in the review process. The Contractor shall bring key design personnel 
for each discipline to all review conferences.  During the 
conferences, the Contractor will either accept the comments, with or 
without provisions, or have comments withdrawn if generally agreed 
upon. 



NEW FUEL SYSTEMS MAINTENANCE HANGAR  ELM179      
DACA85-02-R-0009, AMENDMENT R0016 

 SECTION 01012 Page 2   

1. Review comments provided to the Contractor will not necessarily 
show coordination requirements with other parts of the submittal.  
The Contractor shall incorporate and coordinate the review 
comments into each part of the next submittal. 

2. Conference Records: The Contractor shall, within seven (7) 
working days after each conference, prepare a written record of 
the conference and furnish two copies to the Project Manager.  
The written report shall include the project name, contract 
number, subject, name of the participants, outline of 
discussions, recommendations, and conclusions.  All meetings, 
site visits, review conferences, and telephonic discussions 
require written records. 

3. Annotating Review Comments: The Contractor shall ensure all 
members of the design team are tied into Dr. Checks.  Please 
contact Mr. Michael (Slice) Roberts (907) 753-5759 for assistance 
in accessing this web-based system.  After each submittal, the 
Contractor will be furnished design review comments from the 
various reviewers and concerned agencies involved in the review 
process.  All of the comments will be posted in Dr. Checks Review 
System.  Three days before the review conference the Contractor 
shall post designer response (accept, non-concur).  The reviewers 
may post additional review comments after this time, but the 
Contractor is not expected to respond to those newer comments 
until the review conference. 
a. The contractor shall run a copy of all comments and responses 

and newer comments posted in Dr. Checks at noon (or after) on 
the workday before the review conference.  The Contractor 
shall make 25 copies for distribution at the review 
conference.  The Contractor shall post in Dr. Checks the 
disposition of each comment from all formats at the review 
conference within three (3) days of the conference. 

b. Some of the comments may remain outstanding or there may be 
action required by the designer.  As the Contractor 
incorporates accepted comments into the design during the 
next phase of design, he shall provide “designer annotations” 
into Dr. Checks. 

c. Prior to the next submittal the Contractor shall ensure all 
designer responses have been entered.  The Contractor shall 
furnish a hardcopy of the disposition of all comments with 
the next scheduled submittal.  The disposition will clearly 
indicate the specific actions taken in response to each 
comment.   

d. The Contractor is cautioned that if he/she believes the 
action required by any comment exceed the requirements of the 
RFP, he shall take no action and immediately notify the COE 
in writing.  No work or services shall be performed for which 
an additional cost will be charged without prior written 
authorization of the Contracting Officer. 

1.3 DESIGNER OF RECORD 

A. The Contractor shall identify, for approval, the Designer of Record 
for each area of work.  One Designer of Record may be responsible for 
more than one area provided he or she is a registered professional in 
that discipline in the State of Alaska, except the fire protection 
engineer (see SECTION 01010.2.8 for fire protection engineer 
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qualifications).  The Designer(s) of Record shall stamp and sign all 
100% design drawings. 

B. Upon contract award the Contractor shall submit to the Contracting 
Officer a list of the Designers of Record and identify any changes to 
the project personnel from that presented in the proposal, and the 
reason for the change.  The Government reserves the right to accept or 
reject the change before issuing the Notice To Proceed. 

C. The Designers of Record shall review and approve all construction shop 
drawings and submittals. 

1.4 INDEPENDENT DESIGN DOCUMENT REVIEW AND CERTIFICATION 

A. The Contractor shall ensure that all design documents submitted after 
award, including all drawings and calculations, are reviewed by a 
registered senior engineer/architect in the required discipline, 
including fire protection engineer, who is independent from and not 
associated with the design.  The independent reviewer may or may not 
be associated with the organization having done the original design. 
AM#16... Except in the case of fire protection. The fire protection 
engineer must be completely independent of the design organization. 
...AM #16  

B. The independent reviewer must submit a signed letter of certification 
at each review conference for each design submittal stating also that 
he or she has reviewed the design documents for that discipline and 
that he or she agrees that the design is complete, correct, and in 
conformance with the requirements of the RFP. AM#16... (REF: Spec 
01451.3.2) ...AM#16 

 

 

1.5 DOCUMENT SETS 
 

DOCUMENT SETS SUMMARY 
 Post-Award 

Review Con-
ference 

65% Design 
Submittal 

95% Design 
Submittal 

100% De-
sign Submit-
tal 

Design Analysis  35 copies 35 copies 25 copies 
½ size 20 35 35 25 
Full size    4 

Drawing Sets 

CD-ROM    6 
Specifications 20 35 35 25 
Interior Design Package  2 2 2 
Demolition Work Plan   Yes Yes 
Shop Drawing Register   Yes Yes 
Hazard Abatement Work Plan  Yes Yes Yes 
Independent Review Certification  Yes Yes Yes 
DD Form 1354   Yes  
Annotated Review Comments   35 25 
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1.6 FIRE PROTECTION DESIGN CENTER OF EXPERTISE – the Contractor shall 
send, concurrently with each submission to the Alaska District, one 
copy of each submittal via overnight delivery to the Fire Protection 
Design Center of Expertise, at no additional cost to the Government..  
The address for the FPCX is: 

U.S. Army Corps of Engineers 
Transatlantic Programs Center 
ATTN: CETAC-EC-TM (Kochlar) 
201 Prince Fredrick Drive 
Winchester, Virginia 22602 

PART 2 - POST-AWARD DESIGN REVIEW CONFERENCE 

2.1 MEETING PURPOSE 

A. Following contract award the Contractor and leaders from each design 
discipline shall meet with project stakeholders from the Government.  
At this meeting stakeholders will comment on elements of the 
Contractor’s design submitted as part of his proposal.  Comments and 
discussions may cover a wide variety of issues from color scheme to 
functional layouts.  The goal of this meeting is to fine tune the 
design to best meet stakeholder needs with little or no additional 
cost to the Government.  Scheduling concerns will be identified and 
discussed. 
Contractor shall submit the 20 half-size sets of Proposal Design 
drawings 7 days in advance for use during the meeting. 

2.2 MEETING FOLLOW-UP 

A. Following this meeting the Contractor will prepare written documents, 
sketches, etc. that address and confirm agreements made in the meeting 
and forward them to the Government. AM#16... Meeting minutes must be 
submitted no later than 14 days after the meeting. ...AM#16 

 

PART 3 - 65% DESIGN SUBMITTAL REQUIREMENTS 

3.1 DESIGN ANALYSIS (DA) 

A. The 65% Design Analysis shall follow the format presented in appendix 
B of ER1110-345-700 available on the Corps of Engineers “TechInfo” web 
site (http://www.hnd.usace.army.mil/techinfo/) excluding part 6 
“Exceptions to Appendix B Requirements.”  The Contents shall include 
design calculations for all disciplines, including description of 
hazards abatement to be removed, and reflect the minimum requirements 
listed in this RFP and the Contractor’s proposal, along with any 
subsequent negotiated items.  The demolition schedule and construction 
schedule shall reflect all tasks in the scope of work. 

3.2 INDEPENDENT REVIEW CERTIFICATION 

A. Signed letter of certification from independent reviewer for each 
design discipline is required stating that he/she has reviewed the 65% 
Submittal design documents for that discipline and that he/she agrees 
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that the design is complete, correct, and in conformance with the 
requirements of the RFP. AM#16... (REF: Spec 01451.3.2) ...AM#16 

3.3 DESIGN DRAWINGS 

A. Drawings for the 65% submittal shall follow the format presented in 
Appendix C of ER1110-345-700 for standard and definitive design 
drawings and specifically shall follow the Alaska District Corps of 
Engineers CADD guidelines.  Drawings shall follow the graphic 
standards and border selections to match Alaska District Corps of 
Engineers standards.  The drawing set shall include the following as a 
minimum. 

3.4 REQUIREMENTS BY DISCIPLINE 

A. CIVIL 
1. Design Analysis – description of site conditions, technical 

references (codes, manuals, directives), foundation report and 
recommendations, fire protection analysis of existing water 
distribution system. Include product selection and cut sheet 
information, and a list of questions needing user 
clarification/action.  Site design/earthwork narrative with 
thorough discussion of site grading, earthwork, classified soil 
materials, compactive effort, testing/inspection, 
circulation/site issues, amenities access/parking issues, 
geofabric materials, structural sections. Include all 
calculations or assumptions for site improvements, drainage 
stormwater routing and other as necessary. Paving narrative shall 
include a discussion of paving criteria as specified in RFP; job 
mix design in accordance with AFM requirements including ability 
to meet RFP vehicle loading criteria, performance requirements 
and material criteria.  Underground utilities shall include a 
thorough discussion for each utility system including steam, 
condensate, fire hydrants, domestic water supply, sanitary sewer, 
piping materials, all necessary utility fittings and 
appurtenances in accordance with RFP stated requirements. 
a. Soils boring logs (if additional borings done). 
b. Subsurface investigation site plan (if additional borings 

done). 
2. Drawings 

a. Location and Vicinity Map 
b. Site Plan with typical section cuts and pavement cuts (Scale 

1:250) 
c. Grading Plan w/ contour lines at 0.5-meter intervals and spot 

elevations to .001-meter accuracy.  Show new and existing 
storm drain lines and inlets 

d. Utility Plan showing all utilities and associated products, 
(cleanouts, manholes, fire hydrants, valve boxes, etc.) 
existing water lines, points of connection, and relocations.  
Show all new work in association with the site survey. 

e. Utility and storm drain profiles/details. 
3. Specifications – shall include but not be limited to site 

preparation, earthwork, aggregate materials, culverts, U.G. 
insulation, geofabric, and site signage. 

B. LANDSCAPING 
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1. Design Analysis, including catalog cuts for signage, edging 
materials, and other appurtenances; plant list and maintenance 
requirements, and mix percentages for soil, mulch, seed, 
fertilizer, limestone 

2. Landscape plan showing areas to be planted and site features. 
3. Specifications outline to include topsoil, seeding. 

C. ARCHITECTURAL 
1. Design Analysis – project scope, complete code analysis including 

life safety, description of systems and their insulating values 
(foundation, floor, wall, roof), statement of functional 
arrangement of spaces. 

2. Drawings: 
a. Cover sheet with Drawing Index, Legend, and Code Analysis 
b. Floor Plans, 1:200 scale, including code plan with occupant 

load and area analysis 
c. Enlarged Floor Plans, 1:50 scale 
d. Roof Plan, 1:200 scale 
e. Exterior Elevations, 1:200 scale, showing all exterior 

surfaces 
f. Building Cross Sections, 1:100 scale 
g. Exterior Wall Sections, 1:10 scale, min. 
h. Exterior Details, 1:5 
i. Reflected Ceiling Plan, 1:100 scale 
j. Interior Wall Sections (each type and referenced fire-rated 

assemblies), 1:10 and 1:5 scale 
k. Interior Details, 1:5 
l. Interior Elevations (showing materials and coordination of 

equipment by all disciplines) 
m. Door Schedule, Window Schedule, door and window types 

illustrated, Hardware Schedule 
n. Finish and Color Schedule 

D. STRUCTURAL 
1. Design Analysis - technical references (codes, manuals, 

directives), design criteria (dead and live loads), list of 
criteria questions needing user clarification/action, gravity and 
lateral framing system (primary and secondary members), and their 
connections. 
a. Miscellaneous Analysis Supporting Architectural, Civil, 

Mechanical and Electrical Disciplines Interfacing with the 
Structural Frame and Elements 

2. Drawings 
a. Foundation Plan 
b. Structural Steel Framing Plan 
c. Shear Framing Elevations 
d. Floor/ceiling Framing Plan of support areas 
e. Layouts of expansion, construction or control joints showing 

dimensions 
f. Roof framing plan 
g. Wall section through foundations, floors and roof framing 

with dimensions 
h. Sections and details on footings and member sizes of anchor 

bolts, bearing plates and reinforcing, etc. 
i. Sections and details on connections, bracing, diaphragm, etc. 
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j. Details on crack control joints, construction joints, 
additional reinforcement on large opening, header beams, or 
any special items. 

k. Column connection details. 
l. Framing member, column, beam and truss schedules as 

applicable 
m. Foundation schedule 
n. General notes, code analysis, soils data, design live loads 

and material specifics 

E. MECHANICAL 
1. Design Analyses: 

 
a. Plumbing Design Analysis:  shall include system narratives 

with thorough discussion of domestic water, rainwater, waste 
and vent piping systems.  Discussion shall include piping 
materials and equipment selection and cut sheets.  The design 
analysis shall include the following calculations: 
1) Piping sizes based on UPC fixture count and Hunter 

Curves. 
b. Heating Design Analysis - shall include system narratives 

with thorough discussion of hydronic heating piping systems.  
Discussion shall include piping materials, pump curves, and 
equipment selection and cut sheets.  Include the following 
calculations: 
1) Heating/cooling load calculations 
2) Energy Budget calculations 
3) Hydronic piping size calculations 
4) Hydronic terminal unit calculations and selections 
5) Hydronic head loss calculations and pump selections 
6) Steam and condensate main anchor and expansion 

calculations 
7) Snowmelt system 
8) Sizing calculations and equipment selections of: 

a) Glycol to glycol AM#16...deleted text...AM#16 heat 
exchanger 

b) Pressure reducing valves w/valve Cv’s 
c) Control valves with valve Cv’s 
d) Boilers 
e) Boiler flues 

c. Ventilation AM#16... and Exhaust Systems Design Analysis - 
shall include system narratives with thorough discussion of 
...AM#16 for all  building  ventilation and  exhaust systems.  
Include equipment selection and cut sheets.  Required 
calculations: 
1) Static pressure calculations for  all vetilation and   

exhaust systems 
2) Sizing calculations and equipment selections of toilet 

exhaust fans and all mechanical room air distribution 
louvers, diffusers, registers and grilles 

2. Mechanical Drawings: 
a. Water heater sizing calculations and selection 
b. Mechanical Legend/Notes 
c. Mechanical Equipment Schedules 
d. Plumbing Layout Plans, 1:100 
e. Heating Layout Plans, 1:100 
f. Ventilation Layout Plans, 1:100 
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g. Mechanical Room Layout Plans, 1:25 
h. Plumbing Isometrics/Details 
i. Heating System Diagram/Details 
j. Ventilation Sections/Details. 
k. Seismic Bracing Details 
l. Utility Layout Plans 
m. Control Diagrams and Schematics 

F. ELECTRICAL – EXTERIOR 
1. Drawings: 

a. Site Plan(s): including high and low voltage feeders, 
transformers, telecommunications service entrance. 

b. Grounding Plan: ground conductors, electrodes, receptacles, 
bonding locations and means for bonding. 

c. Exterior Lighting Plan 
d. Electrical One-Line diagrams/Details 

G. ELECTRICAL – INTERIOR 
1. Drawings 

a. Power Plan 1:100 
b. Lighting Plan 1:100 
c. Special Systems including: communications and data. 
d. Panel board and Lighting Fixture Schedules: Panel board 

schedules shall include the designation, location, mounting 
(flush or surface), number of phases and wires, voltage, amp 
capacity and total connected load.  Indicate the trip rating, 
frame size, interrupting rating and number of poles for each 
circuit breaker in the panel boards.  List the circuit 
number, circuit description and load for each branch circuit. 

e. One-line diagram for power distribution 
f. Grounding Plan: ground conductors, electrodes, receptacles, 

bonding locations and means for bonding. 
g. Locate all light fixtures, controls, power devices, fire 

alarm initiating and indicating devices, telecom and data 
receptacles, panels and annunciators. 

h. Electrical Details, as required. 

H. HAZARDS ABATEMENT - Demolition of the Boy Scouts of America building 
8675 will be required before site work at this location may begin.  
Hazardous materials must be removed before demolition begins.  
 
1. 65% Drawings showing the removal and disposal of hazardous 

materials from building 8675.  Design is based on the Hazards 
Abatement Design Criteria, the Hazardous Materials Survey Report 
(Appendix 19) and any additional testing deemed necessary by the 
Contractor. 
a. Floor plans and other drawings with types, locations, and 

quantities of all hazardous materials to be removed and 
disposed of.  Show sufficient detail to allow the abatement 
contractor to perform work without contamination of the site 
or exposure to personnel. 

b. Specifications (supplemental to paragraph 3.5 below) – 
prepare draft of proposed specification sections using edited 
Corps of Engineers UFGS (Unified Facility Guide Specs) 
SECTION 13280 Asbestos Abatement and 13281 Lead Hazard 
Control Activities, and other sections for hazardous 
materials not addressed under these two sections. 
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I. FIRE PROTECTION  – All Fire Protection documents submitted shall be in 
accordance with ETL 1110-3-484. 

 
1. Design Analysis:  Provide a fire protection design analysis 

separate from all other disciplines.  Prepare a comprehensive 
design analysis in full compliance with Military Handbook 1008C.  
Describe the following: 
a. Overall fire protection system proposed for the facility; 

types and arrangement of all systems and subsystems. 
b. Sprinklers, nozzles, foam generators, detection, control, 

foam concentrate, proportioning. 
c. Sprinkler types, spacing, limitations, etc. 
d. Water supply system, comparison of system demand with 

available water supply using an exterior hose stream demand 
of 1893 L/min. 

e. Hydraulic calculations using recognized fire protection 
software and a system sketch showing all pipes and nodes in 
the entire system. 

f. Identify all hydraulic reference points (nodes) in the piping 
system including elevation and pressure at each node and K-
factor and flow for each discharging node. 

Catalog information, including but not limited to:  fire nozzles, foam 
generators, foam concentrate valves, control nozzles, foam generators, foam 
concentrate valves, control valves, flow control valves and sprinklers. 
AM#16... ,piping components, sprinkler valves, fire pumps and jockey pumps. 
...AM #16 

2. Fire Alarm System Plan: 
a. Panels, initiating devices and indicating devices. 

3. Fire Suppression System Plan: 
a. Water supply line sizing 
b. Equipment and riser layout 
c. Room by room hazard classification, respective design 

density, and floor area coverage. 
d. Identification of all flow zones and control valve switches 

(coordinated with electrical). 
e. Large scale Fire Pump Room equipment plan. 
f. Stationary Nozzle locations in Maintenance Bays. 

3.5 SPECIFICATIONS 

A. Submit Draft specifications Division 2 through Division 16 from CSI 
Specifications or COE UFGS (Uniform Federal Guide Specs).  Where UFGS 
is used, Contractor shall follow guidance provided in ER 1110-345-700 
Appendix D.  The 65% Specifications shall consist of Parts 1, 2 and 3 
of each section and shall be inclusive of all building and site work 
elements. 

B. AM#16... Submit marked up Corps of Engineers UFGS specifications 
Section 13851A, 13920A, 13930A, 13935A and 13945A for fire alarm, fire 
pumps and fire protection system specifications. The Contractor shall 
develop and submit a separate specification section for the high 
expansion foam fire protection system. Marked up specifications 
submitted during design shall include all original specification 
language with additions and deletions clearly “marked up” to allow 
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complete comparison of proposed specifications with the original guide 
specifications. ...AM#16 

C. Submit 95% hazardous materials specifications for building 8675 using 
edited Corps of Engineers Unified Facility Guide Specifications (UFGS) 
SECTIONS 13280, Asbestos Abatement and 13281 (previously 02090), Lead 
Based Paint Abatement and Disposal.  Provide CSI specifications for 
other hazardous materials not addressed under 13280 or 13281. 

3.6 INTERIOR DESIGN PACKAGE 

A. Scope - The Contractor shall provide Building Related Interior Design 
(SID) as outlined in ER 1110-345-122 available from the Corps of 
Engineers “TECHINFO” web site 
(http://www.hnd.usace.army.mil/techinfo/). The design and design 
review shall be accomplished by, or in consultation with, professional 
interior designers and architects. The 65% submittal shall include 
product samples, color boards, plus any other media, which accurately 
describe the interior finishes and furnishings throughout. 

B. COLOR BOARDS - The Contractor shall prepare color boards of materials 
proposed.  Boards shall be of professional quality, in 8 ½” x 11” 
format on illustration board backing.  Boards shall consist of actual 
samples and color chips.  Materials that will be adjacent in their 
installed locations shall be adjacent on the board.  Boards shall 
indicate proportion of areas where finishes will be applied (e.g. 
accent finish small relative to field finish).  A key shall be 
provided on the back of each board relating colors and materials to 
manufacturers’ identification, contract finishes schedule, and 
installed location.  Provide two copies of each board. 

PART 4 - 95% DESIGN SUBMITTAL REQUIREMENTS 

4.1 REVIEW COMMENTS 

A. Incorporate all Government review comments from the 65% submittal 
review into the drawings and specifications.  Input annotations 
(accepted/rejected, and action taken) into Dr Checks for all 65% 
review comments before 95% document submittal. 

4.2 INDEPENDENT REVIEW CERTIFICATION 

A. Signed letter of certification from independent reviewer for each 
design discipline stating that he/she has reviewed the 95% Submittal 
design documents for that discipline and that he/she agrees that the 
design is complete, correct, and in conformance with the requirements 
of the RFP. AM#16... (REF: Spec 01451.3.2) ...AM#16 

4.3 DD FORM 1354 

A. The contractor shall provide a completed Draft DD Form 1354, Transfer 
and Acceptance of Military Real Property dated February 1990 and 
attached at the end of this section. DD Form 1354 itemizes component 
costs for the construction of this project and shall be completed in 
accordance with Army Regulation AR-415-28, and Air Force real property 
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code listing to be provided by the CO upon request.  An Electronic DD 
Form 1354 in MS Excel will be provided by the CO upon request. 

4.4 DESIGN ANALYSIS 

A. The 95% Design Analysis shall follow the format presented in appendix 
B of ER1110-345-700 available on the Corps of Engineers "Techinfo" web 
site (http://www.hnd.usace.army.mil/techinfo/) excluding part 6 
"Exceptions to Appendix B Requirements". The contents shall include 
updated design calculations for all disciplines and other information 
as required and shall reflect the minimum requirements listed in this 
RFP and the Contractor's proposal along with any subsequent negotiated 
items. 

4.5 DESIGN DOCUMENTS 

A. Provide complete and coordinated construction documents showing all 
elements necessary for construction.  Drawings for all submittals 
shall follow the format presented in Appendix C of ER1110-345-700 for 
standard and definitive design drawings and, specifically, shall 
follow the Alaska District Corps of Engineers CADD guidelines 
available upon request 
1. Drawings shall be drawn in hard metric using Autocad 2000 

version, shall be complete and organized as outlined therein; 
such that any qualified contractor would be able to construct the 
facility without any additional assistance except for shop 
drawings or unforeseen conditions encountered during construction 

2. The contents shall reflect the minimum requirements listed in 
this RFP and the Contractor's proposal along with any subsequent 
items negotiated since award.  Only minor comments are expected 
to be generated by the government from the 95% review. 

3. A substantial number of comments generated by the Government or 
comments indicating that constructabilty and/or compliance with 
the RFP is not apparent in this submittal shall constitute 
grounds for the requirement of another, more complete, 95% design 
submittal.  The Government shall decide after review of the 95% 
design submittal if another 95% submittal will be required. 

B. Minimum Requirements by Discipline: 
1. CIVIL 

a. Site Design/Earthwork 
1) Drawings shall include all site plans and/or grading 

plans necessary to meet the stated requirements outlined 
in the RFP and as listed in the 95% submittal 
requirements.  All minimum dimensions shall be clearly 
delineated on the drawings.  Provide sufficient detail 
to determine that site layout and site amenities meet 
the minimum RFP requirements.  Show proposed finish 
floor elevations, a minimum of two (2) section cuts for 
the building, site grading/drainage improvements and all 
proposed appurtenances. 

b. Asphalt Paving/Concrete Paving 
1) Drawings shall designate all AC paved improvements on 

the site plan as well as concrete improvements such as 
walks, miscellaneous slabs and curbs & gutters. 

2. LANDSCAPE 
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a. Drawings 
1) Landscape Site Plans (match Civil drawing scale) 
2) Planting Plan (if not included in Landscape Site Plan) 
3) Details/Sections 

a) Swales and Berms 

C. ARCHITECTURAL 
1. General 

a. Code Analysis 
b. Code plan with occupant loads, occupancy types, occupancy and 

area separations) 
c. Drawings 

1) Abbreviations, Legends, Graphic Symbols 
2) Building Plans (1:200 scale): floor plans, reflected 

ceiling plans, roof plan 
3) Mezzanine Plan (if applicable) 
4) Enlarged Floor Plan (1:50 scale) 
5) Exterior Elevations (1:200 scale) 
6) Building Sections (1:200 scale) 
7) Wall Sections (1:10 or 1:5 scale) 
8) Details (1:5 or 1:2.5 scale) 
9) Bathroom/Latrine Plans (1:50 scale) 
10) Dormitory Unit Plans (1:25 scale) 
11) Interior Elevations (1:50 or 1:25 scale) 
12) Finish/Door/Color/Hardware Schedules 
13) Door Types, Frame and Storefront Types, Window Types 

D. STRUCTURAL 
1. Drawings - shall be complete such that all materials, material 

layouts, connections, elevations and dimensions are clearly 
noted. 
a. Abbreviations, Structural Notes (Directly Related to this 

Project):  Code, Soils Information, Design Live Loads, 
Material Specifics, Miscellaneous Information 

b. Plans (Scale – 1:100): Grid and Overall Dimensions, Specific 
Dimensions, Elevations, Section and Detail Cuts. 

c. Foundation Plan:  Footing - Type, Size, Reinforcing, Depth, 
Location; Slab on Grade - Thickness, Slopes, Drains, 
Reinforcing, Extent, Subgrade, Pits; Pilaster - Size, 
Reinforcing, Location; Column - Type, Size, Location 

d. Roof Framing Plan: Type, Size, Extent, Spacing of framing 
members 

e. Foundation Sections/Details (Scale = 1:10) 
f. Framing Details (Scale = 1:10) 

E. MECHANICAL 
1. Plumbing Drawings: shall include all domestic water, rain water, 

waste and vent piping located in the building.  All plumbing 
fixtures and equipment shall be clearly labeled and identified on 
the drawings.  Provide a fixture connection schedule showing all 
plumbing fixtures and the required plumbing systems piping 
connection size.   Provide details as required to fully depict 
plumbing systems and all building shell penetrations. 

2. Heating Drawings:  shall include all hydronic heating piping 
systems located in the building.  All hydronic terminal units and 
equipment shall be clearly labeled and identified on the 
drawings.  Equipment shall be located to insure proper 
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maintenance access and removal with the required clear service 
area for major mechanical equipment.  Provide details as required 
to fully depict all hydronic systems and all building shell 
penetrations. 

3. Waste heat recovery system heat exchanger, pumps, piping, and 
controls AM#16... deleted text ...AM#16 

4. Ventilation System Drawings: Develop drawings listed in 65% 
submittal to 95% completion and add details as required to fully 
describe the intended design.  The drawings shall include all 
mechanical room ventilation and exhaust systems located in the 
building.   All ventilation equipment shall be clearly labeled 
and identified on the drawings.  Equipment shall be located to 
insure proper maintenance access and removal with the required 
clear service area for major mechanical equipment.  All ductwork 
shall be shown as double line "true" size on the plans, building 
sections, and mechanical room.  Provide details as required to 
fully depict all ventilation systems and all building shell 
penetrations. 

F. ELECTRICAL 
1. Drawings 

a. Site Plans - Match Civil 
b. Building Plans (Scale 1:100 minimum) including: 

1) Lighting layouts and switching 
2) Power receptacles and mechanical and other general power 

utilization equipment connections 
3) Circuiting showing numbers and sizes of wires and 

conduit, circuit designation.  Typical minimum size and 
quantity of wires in conduit may be used 

4) Telephone, computer system outlets 
5) Distribution and lighting/appliance panels, contactors, 

and terminal boards/cabinets 
c. Diagrams: One-line diagrams shall denote conductor quantities 

and sizes 
1) Power one-line diagram including all panelboards, major 

equipment and metering, and grounding 
2) Telephone/data one-line diagram 

d. Schedules 
1) Lighting fixture schedule with lamp types, quantity, 

voltage, mounting and physical sizes, manufacturer and 
catalog number 

2) Panelboard schedules with all circuits identified, 
connected loads, demand loads and short circuit ratings 

e. Details 
1) Exterior lighting pole bases 
2) Primary power line 
3) Transformer 
4) Manholes (if required) 

f. Minimum Calculations: 
1) Service size in accordance with NEC requirements 
2) Zonal Cavity Lumen Method Lighting Levels for interior 

spaces designated in the requirements 
3) Point by point lighting calculations for all exterior 

areas designated in the requirements 
4) Short circuit currents at distribution panels to 

lighting and appliance panelboards 
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G. FIRE PROTECTION – All Fire Protection documents submitted shall be in 
accordance with ETL 1110-3-484. 
 
1. Update the 65% drawings, design analysis, and calculations. 

H. HAZARDOUS MATERIALS 
1. Update previously submitted 65% drawings  and specifications for 

building 8675.   
2. Provide floor plans and other drawings with types, locations, and 

quantities of all hazardous materials to be removed and disposed 
of.  Show sufficient detail to allow the abatement contractor to 
perform work without contamination of the site or exposure to 
personnel. 

4.6 INTERIOR DESIGN PACKAGE 

A. Update the 65% Interior Design Package with any additions or changes 
made since the 65% Submittal. Update color boards similarly, 2 copies 
of each are required.  If no changes occurred since the 65% Submittal, 
color photocopy format is acceptable. 

4.7 SPECIFICATIONS 

A. Submit completed specifications Division 2 through Division 16 from 
from CSI Specifications or COE UFGS (Uniform Federal Guide Specs) 
updated from the 65% design submittal. AM#16... Submit marked up Corps 
of Engineers UFGS specifications Section 13851A, 13920A, 13930A, 
13935A and 13945A for fire alarm, fire pumps and fire protection 
system specifications. The Contractor shall develop and submit a 
separate specification section for the high expansion foam fire 
protection system. Marked up specifications submitted during design 
shall include all original specification language with additions and 
deletions clearly “marked up” to allow complete comparison of proposed 
specifications with the original guide specifications. ...AM#16 

B. Catalog cuts organized by discipline and specification division shall 
be bound under separate cover as Volume 2 of the Specifications.  
Include M/E/P, Fire Protection items, and architectural elements such 
as: roofing assemblies, exterior materials, doors/hardware, windows, 
specialty items and equipment. Include Hazardous Materials Abatement 
Work Plan and all submittals required by the hazardous abatement 
specifications for review and approval. 

C. Submit 95% hazardous materials specifications for Building 8675 
updated from previously submitted specifications using edited Corps of 
Engineers Unified Facility Guide Specifications (UFGS) SECTIONs 13280, 
Asbestos Abatement and 13281 (previously 02090), Lead Based Paint 
Abatement and Disposal.  Provide updated CSI specifications for other 
hazardous materials not addressed under 13280 or 13281. 

4.8 SHOP DRAWING TRANSMITTAL REGISTER 

A. Develop and submit a master list of all submittal items for review by 
the Government, organized by discipline and specification section.  
Include:  product submittals for approval, shop drawings for approval, 
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shop drawings for information only (FIO), and operations and 
maintenance (O&M) manuals. 

4.9 DEMOLITION WORK – OPTION 5 – HORSE STABLE FACILITIES DEMOLITION  

A. Develop and submit a Horse Stable Facilities demolition plan and 
schedule (to include hazardous materials removal) with the 
Governments’ input on timeline activities. 

 

PART 5 - 100% DESIGN SUBMITTAL REQUIREMENTS 

5.1 REVIEW COMMENTS 

A. Incorporate all Government review comments from the 95% submittal 
review into the design analysis, drawings, and specifications. 
AM#16... Comments shall be incorporated into documents within 21 days 
of the 95% conference. ...AM#16 

B. Annotate (accepted/rejected, and action taken) 95% Submittal review 
comments.  Input annotations into Dr Checks prior to submittal of the 
100% submittal. 

C. AM#16... No later than 30 days after the 95% review conference submit 
the 100% design analysis, drawings, specifications and all other 
documents listed in paragraph 01012.1.5. ...AM#16 

5.2 APPROVALS 

A. Contractor requires CO approval of all aspects of the design prior to 
beginning of construction.  The contractor should anticipate a review 
period, not to exceed fourteen (14) working days, of the 100% Design 
Submittal before Government approval for construction to proceed. 
1. Construction for Modified Tow-way may be in accordance with the 

proposed accelerated schedule. 
2. Demolition of the Boy Scouts of America building may be in 

accordance with the proposed accelerated schedule. 
 
 

END OF SECTION 
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GEOTECHNICAL FINDINGS REPORT 
For 

NEW FUEL SYSTEMS MAINTENANCE DOCK, SITE 3 (ELM179) 
ELMENDORF AIR FORCE BASE, ALASKA 

 
January 2003 

 
 
1. Scope 

 
This subsurface investigation was conducted for the proposed New Fuel 
Systems Maintenance Dock, Site 3, at Elmendorf Air Force Base (AFB), Alaska. 
 
The purpose of the investigation is to identify the geotechnical and site 
conditions related to the proposed project. This report presents a summary of 
the findings based on the results of laboratory testing, field explorations, and a 
general knowledge of the site. 
 
2. Project Location and Description 
 
The project site is located in the vicinity of Building 8675 and the equestrian 
riding stables. The site is north of Arctic Warrior Drive between Vandenberg 
Avenue and Tally Avenue. The site location is shown on the enclosed Project 
Location and Vicinity Map (Figure 1).  
 
The planned project consists of a heated, three-bay Fuel Systems Maintenance 
hangar, with conventional spread footings and slab on grade floor and an 
aircraft taxiway. The hanger will be capable of simultaneously housing three F-
15 or F-22 aircraft for fuel systems maintenance. The proposed approach 
taxiway runs from the south end of the existing poor-weather runway east to 
the proposed new facility. 
 
3. Field Exploration 
 
The field exploration was conducted from 1 August 2002 to 7 August 2002 and 
consisted of twenty-four test borings. An additional five test borings were 
drilled on 2 December 2002. The test borings were drilled to depths from 4.9 to 
15.5 meters (m). 
 
Denali Drilling Inc., under contract with the Corps of Engineers, drilled the 
original test borings using a CME 85 drill rig with automatic hammer and a 
continuous flight, 203 millimeter (mm) outside diameter (O.D.) hollow stem 
auger. The five additional borings were drilled by Denali Drilling Inc. with a 
Mobile B-61 using a cathead and rope system to drive the sampler. A Corps of 
Engineers’ engineer or geologist supervised the drilling and logged the test 
borings in accordance with ASTM D 2488-93, “Standard Practice for 
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Description and Identification of Soils (Visual-Manual Procedure)". A Corps of 
Engineers’ chemist, using a photo-ionization detector (PID), scanned the 
collected soil samples for volatile organic compounds (VOC). PID results were 
recorded in the project field book by the engineer and reported on the attached 
exploration logs. 
 
Dowl Engineers, under contract with the Corps of Engineers, surveyed the 
boring locations using Alaska State Plane Coordinate Zone 4, NAD83. 
Elevations are NAVD 88 based on mean sea level (MSL). Corps of Engineers 
surveyors surveyed the additional five borings, using the same datum. All 
measurements are in meters. The test boring locations are shown on the 
enclosed Test Boring Location Map (Figure 2).  
 
Soil samples were procured at frequent intervals in the test borings; generally 
1.5 m. Drive samples were taken with a 64-millimeter inside diameter (I.D.) 
split spoon sampler driven with a 154-kilogram (kg) hammer falling 760 
millimeters. The hammer was actuated with either a CME automatic trip 
system or cathead and rope system. The sampler typically was driven about 
450 millimeters ahead of the auger or to refusal. The number of blows required 
to drive each 150-millimeter increment is recorded on the exploration logs. The 
blow count is an indication of the relative density or consistency of the soil. 
 
A 25-millimeter natural gas line was severed in AP-4273 at an approximate 
depth of 600 millimeters necessitating the abandonment of that boring. The 
gas line was not identified in the utility locate process. This boring location was 
not surveyed and is not shown on Figure 2. 
  
Despite a low PID reading of 5 ppm in sample 5 of AP-4279, a noticeable 
hydrocarbon odor was present. In accordance with the site approved sampling 
plan, drilling was halted and the on-site chemist notified the Environmental 
Program Manager and the Pollution Prevention Coordinator of the 3rd 
CES/CEVR and the Corps of Engineers’ project manager. Upon notification, 
the Pollution Prevention Coordinator directed the field crew to terminate the 
boring at the current depth. The COE project manager requested the field crew 
continue the boring at a nearby location. The crew moved the drilling 
equipment 2 meters south of AP-4279 and labeled the continuation boring as 
AP-4282.  
 
4. Laboratory Testing and Soil Classification 
 
A testing program was established to classify and determine the physical and 
engineering properties of the soils encountered. The test methods implemented 
for this program are listed below. 
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• ASTM D 422-63 (Reapproved 1998), "Standard Test Method for Particle 
size Analysis of Soils”. 

• ASTM D 2216-98, "Standard Test Method for Laboratory Determination 
of Water (Moisture) Content of Soil and Rock by Mass". 

• ASTM D 2487-98, "Standard Practice for Classification of Soils for 
Engineering Purposes (Uniform soil Classification System)”. 

• TM 5-822-5, "Pavement Design for Roads Streets, walks, and Open 
Storage Areas. (Frost Classification) 

 
The soil descriptions and classifications contained in this report and presented 
on the exploration logs as Appendix A are the project engineer’s interpretation 
of the field logs and laboratory testing results. Furthermore, the stratification 
lines represent approximate boundaries between soil types; the transitions are 
often gradual or not discernible by drill action. Gradation curves and 
laboratory test results for selected samples are enclosed as Appendix B. 
 
In addition to field screening the soil samples for VOCs, the chemist also 
collected soil for environmental contamination testing. The test results are 
presented separately in a Chemical Data Report prepared by the Alaska District 
Corps of Engineers materials section.  
 
5. Regional Geology 
 
Elmendorf AFB is located within an area locally referred to as the Anchorage 
Bowl. The Anchorage Bowl is located within the Cook Inlet-Susitna Lowland 
Section of the Coastal Trough Physiographic Province of Alaska. The Anchorage 
Bowl is bordered by the Chugach Mountains on the east, the Turnagain Arm 
on the south, the Knik Arm on the west, and the Elmendorf Moraine on the 
north. Glacial features including ground moraines, drumlins, eskers and 
outwash plains characterize the Cook Inlet-Susitna Lowlands. Five major 
glacial advances of the Quaternary Period (Pleistocene and Holocene or Recent) 
can be recognized in the Cook Inlet-Susitna Lowlands (Karlstrom 1957). These 
glacial advances are discussed further in the following paragraph. Most of 
Elmendorf AFB lies less than 100 meters above sea level. 
 
The Anchorage Bowl is near the east border of a deep structural trough filled 
with moderately consolidated Tertiary rocks that underlie Cook Inlet and 
extend northeastward toward Mount McKinley (Capps 1940). These Tertiary 
rocks are overlain by Pleistocene deposits as a result of repeated glacial 
advances during that epoch. These deposits accumulated to thicknesses of 
greater than 180 meters and appear to thicken westward from the mountain 
front toward Cook Inlet. They consist chiefly of three categories of material: 1) 
glaciofluvial consisting primarily of outwash sands and gravels, 2) proglacial 
silty clays of estuarine-marine or lacustrine-estuarine origin, including 
Bootlegger Cove Clay, and 3) glacial till deposited as ground moraine. Most of 
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the Anchorage Bowl is overlain by relatively clean coarse-grain soils derived 
from outwash and glacial debris deposited in front of the youngest Pleistocene 
glacier, Naptowne-Wisconsin, which migrated into the area. This glacier 
produced a large east-west end moraine, know as the Elmendorf moraine, 
across Fort Richardson and the north side of Elmendorf AFB. Outwash from 
this glacier spread southward across the Anchorage Bowl and buried ground 
moraine and the proglacial silty clays. The thickness of the outwash is 
estimated to be about 18 meters under most of Elmendorf AFB and Fort 
Richardson, but is not at a constant depth (Cederstrom and Trainer 1953). The 
outwash thins toward the west and south away from its source and tends to 
become coarser toward the mountains, grading laterally into cobble and 
boulder sizes. The silty clays below the outwash are inter-bedded with silt and 
fine sand. The clay deposit extends to depths on the order of 60 to 75 meters 
within the Anchorage Bowl and "pinches-out" on the east near the Chugach 
Mountains and on the north near a line connecting Dishno Pond and Sixmile 
Lake. Glacial till, consisting of boulders, cobbles, gravels, sand, and fine-grain 
soils, underlies the silty clays (where encountered) and extends to the Tertiary 
rock. Ground moraine of the Naptown glaciation overlies the advance outwash 
of that glaciation and glacial till of the earlier Knik glaciation to the north of the 
Elmendorf moraine. 
 
Seismic Zone: Elmendorf Air Force Base is located in a seismic locale where 
great earthquakes occur and may cause considerable or catastrophic damage. 
Structures should be designed according to Technical Instructions Manual, TI 
809-4, “Seismic Design for Buildings.” The insitu mineral soils at the site, as a 
minimum, meet the characteristics of Site Class D soils specified in TI 809-4. 
 
6. Site Conditions 
 
Surface: The project site is essentially flat except for a large cut in the abandoned 
railroad right of way that bisects the site. Site vegetation consists of mostly grass 
and weeds with areas of medium to large birch and cottonwood trees ranging 
from 15 to 18 meters in height. Where there is no vegetation, the ground surface 
is composed of gravel or covered with asphalt concrete pavement. Overhead and 
underground utilities are present, but utility locations and depths were not 
within the scope of work of this investigation.  
 
Subsurface: Some of the surficial soils appear to be fill. Sampling indicated 
that these fill soils vary greatly in type and somewhat in depth, generally 
ranging approximately 0.5 to 2.75 meters below the surface. Fill soils are moist 
and predominantly olive or brown in color. Table 1 describes specific fill soil 
types and depths listed by test boring number. It is likely that all surficial soils 
in the vicinity of the runway and the horse stables have been disturbed. Soil 
was likely disturbed during clearing, leveling, or construction operations on 
adjacent sites. Fill soils are native soils in this case and extremely difficult to 

J4ENEMAG
NEW FUEL SYSTEMS MAINTENANCE HANGAR                                                      ELM179DACA85-02-R-0009, AMENDMENT R0016

J4ENEMAG
               Page 5



Geotechnical Findings Report 
New Fuel Systems Maintenance Dock, Site 3 (ELM179) 
Elmendorf Air Force Base, Alaska. January 2003   
 

 5

distinguish from insitu soils. Fill soils appear to have been placed in an 
uncontrolled manner and are not suitable for support of structures. 
 
Surficial soils in non-fill areas, and some fill areas, are yellow to brown, moist, 
frost susceptible (F1 to F4), and classify as silty sand with gravel (SM), silty 
gravel with sand (GM), and silt, silt with sand or sandy silt with gravel (ML). 

Test borings indicate these soils to extend from approximately 0.5 to 1.5 m 
below the surface. 
The soils underlying the surficial soils, to the limit of the exploration, are tan, 
brown, gray or olive, moist, sands and gravels. These soils predominately 
classify as non-frost susceptible or potentially frost susceptible with 
occurrences of slightly frost susceptible (NFS to S2), poorly to well-graded 
gravels and sands (GP, GW, SP, SW), occasionally well or poorly graded sand or 
gravel with silt (SP-SM, SW-SM, GW-GM) and rarely silty gravel or sand (GM, 
SM). Generally, the fines content ranges from 2 to 10 percent. The blow counts 
indicate the soil to be medium dense to dense.  
 
Groundwater was encountered in the two deepest borings (AP-4281 and AP-
4282) between 10 and 11 meters below the ground surface. The water depth 
while drilling is recorded on the exploration logs. On the basis of these two 
borings, the elevation of the groundwater table is approximately 50 meters 
MSL. Groundwater elevations can fluctuate seasonally with changes in 
precipitation, snowmelt, and runoff conditions. 
 

Hole # Symbol Type of Soil To Depth (m)
AP-4263 ML Sandy Silt with Gravel 0.75
AP-4263 GM Silty Gravel with Sand and Cobbles 2.5
AP-4268 SW Well-graded SAND with Gravel 1
AP-4268 GW Well-graded GRAVEL with Sand 2.25
AP-4269 SP Poorly graded SAND with Gravel 1
AP-4274 GW Well-graded GRAVEL with Sand and Cobbles 0.75
AP-4275 GW Well-graded GRAVEL with Sand 0.75
AP-4275 SP-SM Poorly graded SAND with Silt 1.75
AP-4276 ML SILT 1
AP-4276 SM Silty SAND 2
AP-4280 ML SILT 2.5
AP-4281 ML SILT 0.5
AP-4281 SW-SM Well-graded SAND with Silt and Gravel 1.7
AP-4284 GM Silty Gravel with Sand 0.75
AP-4286 SW Well graded SAND with Gravel 0.75
AP-4286 SP-SM Poorly graded SAND with Silt and Gravel 1.25
AP-4288 SM Silty SAND with Gravel 0.75

TABLE 1:  SOIL BORINGS SHOWING EVIDENCE OF FILL

J4ENEMAG
NEW FUEL SYSTEMS MAINTENANCE HANGAR                                                      ELM179DACA85-02-R-0009, AMENDMENT R0016

J4ENEMAG
               Page 6



Geotechnical Findings Report 
New Fuel Systems Maintenance Dock, Site 3 (ELM179) 
Elmendorf Air Force Base, Alaska. January 2003   
 

 6

Drilling took place initially in early August, so no seasonally frozen soil was 
encountered during the initial drilling. There was an insignificant amount of 
seasonal frost in December. However, the seasonal frost can penetrate to 3 
meters or more below the ground surface under conditions of shallow or no 
snow cover during a cold winter. No permafrost was found in any of the test 
borings drilled at this site. 
 
 
Enclosures: 

 
1. Figure 1 – Project Location and Vicinity Map 
2. Figure 2 – Test Boring Location Map 
3. Appendix A – Exploration Logs (AP-4260 to AP-4288) 
4. Appendix B – Laboratory Test Results of Selected Soil Samples
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Well-graded GRAVEL with Sand
and Cobbles
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2

Well-graded GRAVEL with Silt
and Sand

Well-graded GRAVEL with Sand

Well-graded GRAVEL with Sand
and Cobbles

Poorly graded SAND with Gravel
and Cobbles

Poorly graded SAND with Gravel
and Cobbles

Well-graded GRAVEL with Sand
and Cobbles
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cobbles fractured while driving
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    Elevation  51.3 m
Groundwater Not Encountered
PID = (Hot) Photo Ionization Detector

25

NFS

NFS

PFS

NFS

50.8

63.5

>76.2

>76.2

SW

GW

SW

GW

0.0

0.0

0.0

0.0

%
Fi

ne
s

M
ax

 S
ize

 (m
m

)

Surface:  Fill in railroad cut

De
pt

h 
(m

)

Li
th

ol
og

y

Classification
ASTM: D 2487 or D 2488

Grain Size

EXPLORATION LOG
Sa

m
pl

e

Fr
oz

en
AS

TM
 D

 4
08

3

Fr
os

t C
la

ss
.

TM
 5

-8
22

-5

Bl
ow

 C
ou

nt

Sy
m

bo
l

%
G

ra
ve

l

%
Sa

nd

%
 W

at
er

  Description and Remarks

 P
ID

 (p
pm

)

Permanent: Inspector:

  Type of Hole: other

1

2

3

4

5

6

7

8

NPA Form 19-E
May 94 Prev. Ed. Obsolete

Project: Hole Number:

Total Depth:

X

NEW FUEL SYSTEMS MAINTENANCE DOCK, SITE 3
(ELM179)
ELMENDORF AIR FORCE BASE, ALASKA

56.1 m

NEW FUEL SYSTEMS MAINTENANCE DOCK,
SITE 3 (ELM179)

 NE

806,485 m
511,387 m

Jason Love James Robson

4.9 m

Page  1  of  1
CORPS OF ENGINEERS

ENGINEERING SERVICES

ALASKA DISTRICT

Soils and Geology Section

Auger Hole

SB-9

CME85 with Automatic Hammer Grab and Drive

Project:

Drilling Agency: Alaska District

Northing:
Easting:Location:

 5 Aug 2002

Denali Drilling

203.2 mm HSA with bullet bit

Operator:

X

4.4 m

Type of Samples:

Other

Date:

Top of Hole
Elevation:

Test Pit X Monitoring Well Piezometer

AP-4268

AP-4268

154 kg 63.5 mm

Elevation Datum:
MSL

Hammer Weight: Split Spoon I.D: Size and Type of Bit:

Depth to Groundwater:

Type of Equipment:

Depth Drilled:

other

Hole Number, Field:

E
X

P
LO

R
A

TI
O

N
 L

O
G

  E
LM

17
9S

IT
E

3.
G

P
J 

 A
C

E
_A

N
C

.G
D

T 
 1

/1
6/

03

J4ENEMAG
NEW FUEL SYSTEMS MAINTENANCE HANGAR                                                      ELM179DACA85-02-R-0009, AMENDMENT R0016

J4ENEMAG
               Page 23



2Poorly graded GRAVEL with
Sand

Well-graded GRAVEL with Sand
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Denali Drilling

203.2 mm HSA with bullet bit
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X
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Test Pit X Monitoring Well Piezometer

AP-4269
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Depth to Groundwater:

Type of Equipment:

Depth Drilled:

other

Hole Number, Field:

E
X

P
LO

R
A

TI
O

N
 L

O
G

  E
LM

17
9S

IT
E

3.
G

P
J 

 A
C

E
_A

N
C

.G
D

T 
 1

/1
6/

03

J4ENEMAG
NEW FUEL SYSTEMS MAINTENANCE HANGAR                                                      ELM179DACA85-02-R-0009, AMENDMENT R0016

J4ENEMAG
               Page 24



2

SILT

Poorly graded GRAVEL with
Sand

Well-graded GRAVEL with Sand
and Cobbles

Well-graded GRAVEL with Sand
and Cobbles

Grab
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Yellow, moist, nonplastic (NP) fines

Dark gray, moist, subrounded gravel, fine to
medium sand

Dark gray, moist, subrounded gravel, fine to
medium sand

Gray, moist, subangular to subrounded gravel,
fine to coarse sand, cobbles fractured while
driving
Bottom of Hole 4.9 m
    Elevation  55.2 m
Groundwater Not Encountered
PID = (Hot) Photo Ionization Detector

42
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Surface:  Grass and gravel
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Classification
ASTM: D 2487 or D 2488

Grain Size

EXPLORATION LOG
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Permanent: Inspector:

  Type of Hole: other

1
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NPA Form 19-E
May 94 Prev. Ed. Obsolete

Project: Hole Number:

Total Depth:

X

NEW FUEL SYSTEMS MAINTENANCE DOCK, SITE 3
(ELM179)
ELMENDORF AIR FORCE BASE, ALASKA

60.1 m

NEW FUEL SYSTEMS MAINTENANCE DOCK,
SITE 3 (ELM179)

 NE

806,547 m
511,435 m

Jason Love James Robson

4.9 m

Page  1  of  1
CORPS OF ENGINEERS

ENGINEERING SERVICES

ALASKA DISTRICT

Soils and Geology Section

Auger Hole

SB-11

CME85 with Automatic Hammer Grab and Drive

Project:

Drilling Agency: Alaska District

Northing:
Easting:Location:

 5 Aug 2002

Denali Drilling

203.2 mm HSA with bullet bit

Operator:

X

4.4 m

Type of Samples:

Other

Date:

Top of Hole
Elevation:

Test Pit X Monitoring Well Piezometer

AP-4270

AP-4270

154 kg 63.5 mm

Elevation Datum:
MSL

Hammer Weight: Split Spoon I.D: Size and Type of Bit:

Depth to Groundwater:

Type of Equipment:

Depth Drilled:

other

Hole Number, Field:
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2

Silty GRAVEL with Sand

Well-graded GRAVEL with Sand

Well-graded GRAVEL with Sand
and Cobbles

Poorly graded SAND with Silt,
Gravel, and Cobbles

Well-graded SAND with Silt,
Gravel, and Cobbles

Grab

5
10
12

10
8
16

12
10
16

5
7
10

265

1

2

3

4

5

Yellow to brown, moist, subrounded gravel,
fine to coarse sand, nonplastic (NP) fines

Brown, moist, subangular gravel, fine to
medium sand

Brown, moist, angular to subangular gravel,
fine to coarse sand, cobbles fractured while
driving

Brown, moist, subrounded gravel, fine to
medium sand

Brown, moist to wet, subangular gravel, fine to
coarse sand

Bottom of Hole 4.9 m
    Elevation  55.7 m
Groundwater Not Encountered
PID = (Hot) Photo Ionization Detector

33

F1

NFS

NFS

S2

S2

50.8

63.5

>76.2

>76.2

>76.2

GM

GW
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SP-
SM

SW-
SM

0.0
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Surface:  Birch forest
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y

Classification
ASTM: D 2487 or D 2488

Grain Size

EXPLORATION LOG
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Permanent: Inspector:

  Type of Hole: other
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NPA Form 19-E
May 94 Prev. Ed. Obsolete

Project: Hole Number:

Total Depth:

X

NEW FUEL SYSTEMS MAINTENANCE DOCK, SITE 3
(ELM179)
ELMENDORF AIR FORCE BASE, ALASKA

60.6 m

NEW FUEL SYSTEMS MAINTENANCE DOCK,
SITE 3 (ELM179)

 NE

806,548 m
511,613 m

Jason Love James Robson

4.9 m

Page  1  of  1
CORPS OF ENGINEERS

ENGINEERING SERVICES

ALASKA DISTRICT

Soils and Geology Section

Auger Hole

SB-12

CME85 with Automatic Hammer Grab and Drive

Project:

Drilling Agency: Alaska District

Northing:
Easting:Location:

 5 Aug 2002

Denali Drilling

203.2 mm HSA with bullet bit

Operator:

X

4.4 m

Type of Samples:

Other

Date:

Top of Hole
Elevation:

Test Pit X Monitoring Well Piezometer

AP-4271

AP-4271

154 kg 63.5 mm

Elevation Datum:
MSL

Hammer Weight: Split Spoon I.D: Size and Type of Bit:

Depth to Groundwater:

Type of Equipment:

Depth Drilled:

other

Hole Number, Field:
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3

SILT

Well-graded GRAVEL with Sand
and Cobbles

Well-graded GRAVEL with Sand
and Cobbles

Well-graded GRAVEL with Silt,
Sand, and Cobbles

Well-graded GRAVEL with Silt,
Sand, and Cobbles

Grab

10
19
32

6
8
6

11
11
12

15
11
19

557

1

2

3

4

5

Yellow, moist, nonplastic (NP) fines

Gray, moist, subangular gravel, fine to coarse
sand, NP fines, cobbles fractured while driving

Brown, moist, subangular gravel, fine to
coarse sand, bits of coal in sample, cobbles
fractured while driving

Brown, moist, subangular gravel, fine to
coarse sand, bits of coal in sample, cobbles
and gravel fractured while driving

Brown, moist to wet, subangular to
subrounded gravel, fine to coarse sand, NP
fines
Bottom of Hole 4.9 m
    Elevation  55.4 m
Groundwater Not Encountered
PID = (Hot) Photo Ionization Detector

38

F4

S1

PFS

S1

S1

>76.2

>76.2

>76.2

>76.2

ML

GW
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GM

GW-
GM
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Surface:  Birch forest
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Classification
ASTM: D 2487 or D 2488

Grain Size

EXPLORATION LOG
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Permanent: Inspector:

  Type of Hole: other
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NPA Form 19-E
May 94 Prev. Ed. Obsolete

Project: Hole Number:

Total Depth:

X

NEW FUEL SYSTEMS MAINTENANCE DOCK, SITE 3
(ELM179)
ELMENDORF AIR FORCE BASE, ALASKA

60.3 m

NEW FUEL SYSTEMS MAINTENANCE DOCK,
SITE 3 (ELM179)

 NE

806,548 m
511,660 m

Jason Love James Robson

4.9 m

Page  1  of  1
CORPS OF ENGINEERS

ENGINEERING SERVICES

ALASKA DISTRICT

Soils and Geology Section

Auger Hole

SB-13

CME85 with Automatic Hammer Grab and Drive

Project:

Drilling Agency: Alaska District

Northing:
Easting:Location:

 5 Aug 2002

Denali Drilling

203.2 mm HSA with bullet bit

Operator:

X

4.4 m

Type of Samples:

Other

Date:

Top of Hole
Elevation:

Test Pit X Monitoring Well Piezometer

AP-4272

AP-4272

154 kg 63.5 mm

Elevation Datum:
MSL

Hammer Weight: Split Spoon I.D: Size and Type of Bit:

Depth to Groundwater:

Type of Equipment:

Depth Drilled:

other

Hole Number, Field:
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Hit 25-mm gas line. Abandoned hole

Bottom of Hole 0.6 m
Groundwater Not Encountered
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Surface:  Grass
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Classification
ASTM: D 2487 or D 2488

Grain Size

EXPLORATION LOG
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Permanent: Inspector:

  Type of Hole: other
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NPA Form 19-E
May 94 Prev. Ed. Obsolete

Project: Hole Number:

Total Depth:

NEW FUEL SYSTEMS MAINTENANCE DOCK, SITE 3
(ELM179)
ELMENDORF AIR FORCE BASE, ALASKA

NEW FUEL SYSTEMS MAINTENANCE DOCK,
SITE 3 (ELM179)

 NE

Jason Love James Robson

0.6 m
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CORPS OF ENGINEERS

ENGINEERING SERVICES

ALASKA DISTRICT

Soils and Geology Section

Auger Hole

SB-14

CME85 with Automatic Hammer Grab and Drive

Project:

Drilling Agency: Alaska District

Northing:
Easting:Location:

 5 Aug 2002

Denali Drilling

203.2 mm HSA with bullet bit

Operator:

X

0.6 m

Type of Samples:

Other

Date:

Top of Hole
Elevation:

Test Pit X Monitoring Well Piezometer

AP-4273

AP-4273

154 kg 63.5 mm

Elevation Datum:
MSL

Hammer Weight: Split Spoon I.D: Size and Type of Bit:

Depth to Groundwater:

Type of Equipment:

Depth Drilled:

other

Hole Number, Field:
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61

1

2

3

4

Brown, moist, subangular to subrounded
gravel, fine to coarse sand, 130-mm cobble in
cuttings, FILL

Brown, moist, subangular gravel, medium to
coarse sand

Gray to brown, moist, subangular gravel, fine
to coarse sand, cobbles fractured while
driving

Gray to brown, moist, angular to medium sand,
cobbles fractured while driving

Bottom of Hole 4.9 m
    Elevation  52.4 m
Groundwater Not Encountered
PID = (Hot) Photo Ionization Detector

35

NFS

NFS

NFS

NFS

2

Well-graded GRAVEL with Sand
and Cobbles

Poorly graded GRAVEL with
Sand

Well-graded SAND with Gravel
and Cobbles

Poorly graded SAND with Gravel
and Cobbles

Grab

16
7
12
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7
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Surface:  Grass, edge of runway
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Classification
ASTM: D 2487 or D 2488

Grain Size

EXPLORATION LOG
Sa

m
pl

e

Fr
oz

en
AS

TM
 D

 4
08

3

Fr
os

t C
la

ss
.

TM
 5

-8
22

-5

Bl
ow

 C
ou

nt

Sy
m

bo
l

%
G

ra
ve

l

%
Sa

nd

%
 W

at
er

  Description and Remarks

 P
ID

 (p
pm

)

Permanent: Inspector:

  Type of Hole: other
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NPA Form 19-E
May 94 Prev. Ed. Obsolete

Project: Hole Number:

Total Depth:

X

NEW FUEL SYSTEMS MAINTENANCE DOCK, SITE 3
(ELM179)
ELMENDORF AIR FORCE BASE, ALASKA

57.2 m

NEW FUEL SYSTEMS MAINTENANCE DOCK,
SITE 3 (ELM179)

 NE

806,529 m
511,141 m

Jason Love James Robson

4.9 m

Page  1  of  1
CORPS OF ENGINEERS

ENGINEERING SERVICES

ALASKA DISTRICT

Soils and Geology Section

Auger Hole

SB-15

CME85 with Automatic Hammer Grab and Drive

Project:

Drilling Agency: Alaska District

Northing:
Easting:Location:

 6 Aug 2002

Denali Drilling

203.2 mm HSA with bullet bit

Operator:

X

4.4 m

Type of Samples:

Other

Date:

Top of Hole
Elevation:

Test Pit X Monitoring Well Piezometer

AP-4274

AP-4274

154 kg 63.5 mm

Elevation Datum:
MSL

Hammer Weight: Split Spoon I.D: Size and Type of Bit:

Depth to Groundwater:

Type of Equipment:

Depth Drilled:

other

Hole Number, Field:
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2Well-graded GRAVEL with Sand

Poorly graded SAND with Silt

SILT

Well-graded GRAVEL with Sand

Well-graded GRAVEL with Sand

Grab

3
4
3

5
10
12

5
7
11

462

1

2a

2b

3

4

Brown, moist, subangular gravel, fine to
medium sand, FILL

Brown, moist, medium sand, FILL

Olive, moist, nonplastic (NP) Fines

Brown, moist, subangular gravel, fine to
coarse sand, gravel fractured while driving

Brown, moist, subangular to subrounded
gravel, fine to coarse sand, coal bits in sample

Bottom of Hole 4.9 m
    Elevation  53.9 m
Groundwater Not Encountered
PID = (Hot) Photo Ionization Detector

34PFS

S2

F4

NFS

NFS

38.1
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50.8

GW

SP-
SM
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Classification
ASTM: D 2487 or D 2488

Grain Size

EXPLORATION LOG
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Permanent: Inspector:

  Type of Hole: other
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NPA Form 19-E
May 94 Prev. Ed. Obsolete

Project: Hole Number:

Total Depth:

X

NEW FUEL SYSTEMS MAINTENANCE DOCK, SITE 3
(ELM179)
ELMENDORF AIR FORCE BASE, ALASKA

58.7 m

NEW FUEL SYSTEMS MAINTENANCE DOCK,
SITE 3 (ELM179)

 NE

806,524 m
511,191 m

Jason Love James Robson

4.9 m
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CORPS OF ENGINEERS

ENGINEERING SERVICES

ALASKA DISTRICT

Soils and Geology Section

Auger Hole

SB-16

CME85 with Automatic Hammer Grab and Drive

Project:

Drilling Agency: Alaska District

Northing:
Easting:Location:

 6 Aug 2002

Denali Drilling

203.2 mm HSA with bullet bit

Operator:

X

4.4 m

Type of Samples:

Other

Date:

Top of Hole
Elevation:

Test Pit X Monitoring Well Piezometer

AP-4275

AP-4275

154 kg 63.5 mm

Elevation Datum:
MSL

Hammer Weight: Split Spoon I.D: Size and Type of Bit:

Depth to Groundwater:

Type of Equipment:

Depth Drilled:

other

Hole Number, Field:
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Hole Number, Field:
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SILT

Silty SAND

Sandy SILT with Gravel

Well-graded GRAVEL with Sand
and Cobbles

Well-graded GRAVEL with Sand

Grab
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2
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5218

1
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4

5

Brown, moist, nonplastic (NP) fines, FILL

Brown, moist, fine to coarse sand, NP fines,
100-mm sand and silt lenses, FILL

Olive, moist, subangular gravel, fine to coarse
sand, NP fines

Brown, moist, subangular gravel, fine to
coarse sand

Gray, brown, moist, subangular gravel, fine to
coarse sand

Bottom of Hole 4.9 m
    Elevation  53.9 m
Groundwater Not Encountered
PID = (Hot) Photo Ionization Detector
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NFS

NFS

>76.2

63.5
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SM
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Classification
ASTM: D 2487 or D 2488
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Permanent: Inspector:

  Type of Hole: other
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NPA Form 19-E
May 94 Prev. Ed. Obsolete

Project: Hole Number:

Total Depth:

X

NEW FUEL SYSTEMS MAINTENANCE DOCK, SITE 3
(ELM179)
ELMENDORF AIR FORCE BASE, ALASKA

58.8 m

NEW FUEL SYSTEMS MAINTENANCE DOCK,
SITE 3 (ELM179)

 NE

806,521 m
511,235 m

Jason Love James Robson

4.9 m

Page  1  of  1
CORPS OF ENGINEERS

ENGINEERING SERVICES

ALASKA DISTRICT

Soils and Geology Section

Auger Hole

SB-17

CME85 with Automatic Hammer Grab and Drive

Project:

Drilling Agency: Alaska District

Northing:
Easting:Location:

 6 Aug 2002

Denali Drilling

203.2 mm HSA with bullet bit

Operator:

X

4.4 m

Type of Samples:

Other

Date:

Top of Hole
Elevation:

Test Pit X Monitoring Well Piezometer

AP-4276

AP-4276

154 kg 63.5 mm

Elevation Datum:
MSL

Hammer Weight: Split Spoon I.D: Size and Type of Bit:

Depth to Groundwater:

Type of Equipment:

Depth Drilled:

other

J4ENEMAG
NEW FUEL SYSTEMS MAINTENANCE HANGAR                                                      ELM179DACA85-02-R-0009, AMENDMENT R0016

J4ENEMAG
               Page 31



18Silty SAND

Poorly graded SAND

Well-graded SAND with Gravel

Well-graded GRAVEL with Sand
and Cobbles

Grab
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385

1
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4

Orange, brown, moist, subangular gravel, fine
to medium sand, nonplastic (NP) fines

Brown, moist, fine to medium sand

Brown, moist, subangular to subrounded
gravel, fine to coarse sand

Brown, moist, subangular to subrounded
gravel, fine to coarse sand, cobbles and gravel
fractured while driving
Bottom of Hole 4.9 m
    Elevation  54.4 m
Groundwater Not Encountered
PID = (Hot) Photo Ionization Detector

57F3
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  Type of Hole: other
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NPA Form 19-E
May 94 Prev. Ed. Obsolete

Project: Hole Number:

Total Depth:

X

NEW FUEL SYSTEMS MAINTENANCE DOCK, SITE 3
(ELM179)
ELMENDORF AIR FORCE BASE, ALASKA

59.3 m

NEW FUEL SYSTEMS MAINTENANCE DOCK,
SITE 3 (ELM179)

 NE

806,514 m
511,273 m

Jason Love James Robson

4.9 m

Page  1  of  1
CORPS OF ENGINEERS

ENGINEERING SERVICES

ALASKA DISTRICT

Soils and Geology Section

Auger Hole

SB-18

CME85 with Automatic Hammer Grab and Drive

Project:

Drilling Agency: Alaska District

Northing:
Easting:Location:

 6 Aug 2002

Denali Drilling

203.2 mm HSA with bullet bit

Operator:

X

4.4 m

Type of Samples:

Other

Date:

Top of Hole
Elevation:

Test Pit X Monitoring Well Piezometer

AP-4277

AP-4277

154 kg 63.5 mm

Elevation Datum:
MSL

Hammer Weight: Split Spoon I.D: Size and Type of Bit:

Depth to Groundwater:

Type of Equipment:

Depth Drilled:
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Hole Number, Field:
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SILT

Well-graded SAND with Silt and
Gravel

Well-graded GRAVEL with Sand
and Cobbles

Well-graded GRAVEL with Sand

Grab

9
6
7

9
9
9

13
10
12

1121
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Yellow to olive, moist, subangular gravel, fine
to coarse sand

Grayish brown, moist, subrounded gravel, fine
to medium sand, 6-mm lenses of NP fines

Brown, gray, moist, subangular to subrounded
gravel, fine to coarse sand, cobbles fractured
while driving

Brown, moist, subrounded gravel, fine to
coarse sand

Bottom of Hole 4.9 m
    Elevation  55.1 m
Groundwater Not Encountered
PID = (Hot) Photo Ionization Detector
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NFS
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63.5

ML

SW-
SM

GW

GW

0.0

0.0

0.0

0.0

%
Fi

ne
s

M
ax

 S
ize

 (m
m

)

Surface:  Grass

De
pt

h 
(m

)

Li
th

ol
og

y

Classification
ASTM: D 2487 or D 2488

Grain Size

EXPLORATION LOG
Sa

m
pl

e

Fr
oz

en
AS

TM
 D

 4
08

3

Fr
os

t C
la

ss
.

TM
 5

-8
22

-5

Bl
ow

 C
ou

nt

Sy
m

bo
l

%
G

ra
ve

l

%
Sa

nd

%
 W

at
er

  Description and Remarks

 P
ID

 (p
pm

)

Permanent: Inspector:

  Type of Hole: other

1

2

3

4

5

6

7

8

NPA Form 19-E
May 94 Prev. Ed. Obsolete

Project: Hole Number:

Total Depth:

X

NEW FUEL SYSTEMS MAINTENANCE DOCK, SITE 3
(ELM179)
ELMENDORF AIR FORCE BASE, ALASKA

59.9 m

NEW FUEL SYSTEMS MAINTENANCE DOCK,
SITE 3 (ELM179)

 NE

806,504 m
511,338 m

Jason Love James Robson

4.9 m
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ENGINEERING SERVICES

ALASKA DISTRICT

Soils and Geology Section

Auger Hole

SB-19

CME85 with Automatic Hammer Grab and Drive

Project:

Drilling Agency: Alaska District

Northing:
Easting:Location:

 6 Aug 2002

Denali Drilling

203.2 mm HSA with bullet bit

Operator:

X

4.4 m

Type of Samples:

Other

Date:

Top of Hole
Elevation:

Test Pit X Monitoring Well Piezometer

AP-4278

AP-4278

154 kg 63.5 mm

Elevation Datum:
MSL

Hammer Weight: Split Spoon I.D: Size and Type of Bit:

Depth to Groundwater:

Type of Equipment:

Depth Drilled:

other

Hole Number, Field:
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18

4

Silty SAND

Well-graded GRAVEL with Silt
and Sand

Poorly graded SAND with Silt,
Gravel, and Cobbles

Well-graded GRAVEL with Sand

Grab

6
18
20
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13
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44

7
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42

1

2
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4

5

Brown, moist, subangular gravel, fine to
medium sand, nonplastic (NP) fines

Brown, moist, subangular to subrounded
gravel, fine to coarse sand

Brown, moist, subangular gravel, fine to
medium sand, cobbles fractured while driving

Brown, black, moist, subangular to
subrounded gravel, fine to coarse sand,
gravel fractured while driving

Because of a heavy hydrocarbon odor,
Elemendorf environmental section directed
field crew to terminate boring - reference
boring AP-4282 for continuation
Bottom of Hole 6.6 m
    Elevation  54.1 m
Groundwater Not Encountered
PID = (Hot) Photo Ionization Detector

46
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May 94 Prev. Ed. Obsolete

Project: Hole Number:

Total Depth:

X

NEW FUEL SYSTEMS MAINTENANCE DOCK, SITE 3
(ELM179)
ELMENDORF AIR FORCE BASE, ALASKA

60.6 m

NEW FUEL SYSTEMS MAINTENANCE DOCK,
SITE 3 (ELM179)

 NE

806,420 m
511,600 m

Jason Love James Robson

6.6 m
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ENGINEERING SERVICES

ALASKA DISTRICT

Soils and Geology Section

Auger Hole

SB-20

CME85 with Automatic Hammer Grab and Drive

Project:

Drilling Agency: Alaska District

Northing:
Easting:Location:

 6 Aug 2002

Denali Drilling

203.2 mm HSA with bullet bit

Operator:

X

5.9 m

Type of Samples:

Other

Date:

Top of Hole
Elevation:

Test Pit X Monitoring Well Piezometer

AP-4279

AP-4279

154 kg 63.5 mm

Elevation Datum:
MSL

Hammer Weight: Split Spoon I.D: Size and Type of Bit:

Depth to Groundwater:

Type of Equipment:

Depth Drilled:

other

Hole Number, Field:
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3

SILT

SILT

Poorly graded GRAVEL with Silt
and Sand

Poorly graded GRAVEL with
Sand and Cobbles

Poorly graded GRAVEL with Silt
and Sand

Poorly graded SAND with Gravel
and Cobbles
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55

49
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Olive to yellow, moist, nonplastic (NP) fines,
possible FILL

Yellow and brown, medium sand, NP fines,
organics, 3% roots, possible FILL

Tan, moist, subangular gravel, fine to coarse
sand, NP fines, gravel fractured while driving

Gray, moist, subangular gravel, fine to coarse
sand, cobbles and gravel fractured while
driving

Gray, moist, subrounded gravel, medium to
coarse sand, low plasticity fines, gravel
fractured while driving

Gray, moist, subrounded gravel, medium to
coarse sand, cobbles fractured while driving

37

48
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PFS
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X

NEW FUEL SYSTEMS MAINTENANCE DOCK, SITE 3
(ELM179)
ELMENDORF AIR FORCE BASE, ALASKA

60.9 m

NEW FUEL SYSTEMS MAINTENANCE DOCK,
SITE 3 (ELM179)

 NE

806,412 m
511,677 m

Jason Love James Robson

9.4 m

Page  1  of  2
CORPS OF ENGINEERS

ENGINEERING SERVICES

ALASKA DISTRICT

Soils and Geology Section

Auger Hole

SB-21

CME85 with Automatic Hammer Grab and Drive

Project:

Drilling Agency: Alaska District

Northing:
Easting:Location:

 6 Aug 2002

Denali Drilling

203.2 mm HSA with bullet bit

Operator:

X

9.0 m

Type of Samples:

Other

Date:

Top of Hole
Elevation:

Test Pit X Monitoring Well Piezometer

AP-4280

AP-4280

154 kg 63.5 mm

Elevation Datum:
MSL

Hammer Weight: Split Spoon I.D: Size and Type of Bit:

Depth to Groundwater:

Type of Equipment:

Depth Drilled:

other

Hole Number, Field:
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Well-graded SAND with Gravel6
9
11

7
Gray with orange staining, moist to wet,
subangular gravel, fine to coarse sand

Bottom of Hole 9.4 m
    Elevation  51.4 m
Groundwater Not Encountered
PID = (Hot) Photo Ionization Detector

57.2SW 0.0
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  Type of Hole: other
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NPA Form 19-E
May 94 Prev. Ed. Obsolete

Project: Hole Number:

Total Depth:

X

NEW FUEL SYSTEMS MAINTENANCE DOCK, SITE 3
(ELM179)
ELMENDORF AIR FORCE BASE, ALASKA

60.9 m

NEW FUEL SYSTEMS MAINTENANCE DOCK,
SITE 3 (ELM179)

 NE

806,412 m
511,677 m

Jason Love James Robson

9.4 m
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CORPS OF ENGINEERS

ENGINEERING SERVICES

ALASKA DISTRICT

Soils and Geology Section

Auger Hole

SB-21

CME85 with Automatic Hammer Grab and Drive

Project:

Drilling Agency: Alaska District

Northing:
Easting:Location:

 6 Aug 2002

Denali Drilling

203.2 mm HSA with bullet bit

Operator:

X

9.0 m

Type of Samples:

Other

Date:

Top of Hole
Elevation:

Test Pit X Monitoring Well Piezometer

AP-4280

AP-4280

154 kg 63.5 mm

Elevation Datum:
MSL

Hammer Weight: Split Spoon I.D: Size and Type of Bit:

Depth to Groundwater:

Type of Equipment:

Depth Drilled:

other

Hole Number, Field:
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X

NEW FUEL SYSTEMS MAINTENANCE DOCK, SITE 3
(ELM179)
ELMENDORF AIR FORCE BASE, ALASKA

61.0 m

NEW FUEL SYSTEMS MAINTENANCE DOCK,
SITE 3 (ELM179)

10.2 m GE

806,487 m
511,701 m

Jason Love James Robson

15.5 m
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15

18

5

SILT

Well-graded SAND with Silt and
Gravel
Sandy SILT with Gravel

Poorly graded GRAVEL with Silt,
Sand, and Cobbles

Poorly graded GRAVEL with Silt,
Sand, and Cobbles
Well-graded GRAVEL with Sand
and Cobbles

Well-graded GRAVEL with Sand
and Cobbles

Poorly graded SAND with Gravel

Grab

3
3
4

8
8
10

5
6
10

10
10
15

9
16
16

11

51

5

4

16

55

1

2a

2b

3

4a

4b

5

6

Yellow, moist, nonplastic (NP) fines, FILL

Brown, moist, fine to coarse sand, NP fines,
FILL
Brown, moist, fine to medium sand, NP fines

Olive, brown, moist, subangular gravel, fine to
coarse sand, NP fines, cobbles fractured while
driving

Olive, brown, moist, subangular gravel, fine to
coarse sand, NP fines, cobbles fractured while
driving
Gray, moist, subangular to subrounded gravel,
fine to coarse sand, cobbles and gravel
fractured while driving

Gray, moist, subrounded gravel, fine to coarse
sand, cobbles and gravel fractured while
driving

Gray, moist, subrounded gravel, fine to
medium sand, gravel fractured while driving

85
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Project: Hole Number:

Total Depth:

CORPS OF ENGINEERS
ENGINEERING SERVICES

ALASKA DISTRICT

Soils and Geology Section

Auger Hole

SB-22

CME85 with Automatic Hammer Grab and Drive

Project:

Drilling Agency: Alaska District

Northing:
Easting:Location:

 7 Aug 2002

Denali Drilling

203.2 mm HSA with bullet bit

Operator:

X

15.1 m

Type of Samples:

Other

Date:

Top of Hole
Elevation:

Test Pit X Monitoring Well Piezometer

AP-4281

AP-4281

154 kg 63.5 mm

Elevation Datum:
MSL

Hammer Weight: Split Spoon I.D: Size and Type of Bit:

Depth to Groundwater:

Type of Equipment:

Depth Drilled:

other

Hole Number, Field:
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Poorly graded GRAVEL with
Sand

Well-graded GRAVEL with Silt,
Sand, and Cobbles

Poorly graded GRAVEL with
Sand

Poorly graded SAND with Gravel

Well-graded GRAVEL with Sand
and Cobbles

6
12
15
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13
18

11
14
17

11
9
15

6
11
28

7

8

9

10

11

Gray, moist, subrounded gravel, fine to coarse
sand

Gray, wet, subangular to subrounded gravel,
fine to coarse sand, NP fines

130 mm of heaving sand

Gray, wet, subangular gravel, fine to coarse
sand

Gray, wet, subangular gravel, medium to
coarse sand

Gray, wet, subrounded gravel, fine to coarse
sand

Bottom of Hole 15.5 m
    Elevation  45.4 m
Groundwater Encountered:  at depth 10.2 m
PID = (Hot) Photo Ionization Detector
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>76.2
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44.5

>76.2
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May 94 Prev. Ed. Obsolete

Project: Hole Number:

Total Depth:

X

NEW FUEL SYSTEMS MAINTENANCE DOCK, SITE 3
(ELM179)
ELMENDORF AIR FORCE BASE, ALASKA

61.0 m

NEW FUEL SYSTEMS MAINTENANCE DOCK,
SITE 3 (ELM179)

10.2 m GE

806,487 m
511,701 m

Jason Love James Robson

15.5 m
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CORPS OF ENGINEERS

ENGINEERING SERVICES

ALASKA DISTRICT

Soils and Geology Section

Auger Hole

SB-22

CME85 with Automatic Hammer Grab and Drive

Project:

Drilling Agency: Alaska District

Northing:
Easting:Location:

 7 Aug 2002

Denali Drilling

203.2 mm HSA with bullet bit

Operator:

X

15.1 m

Type of Samples:

Other

Date:

Top of Hole
Elevation:

Test Pit X Monitoring Well Piezometer

AP-4281

AP-4281

154 kg 63.5 mm

Elevation Datum:
MSL

Hammer Weight: Split Spoon I.D: Size and Type of Bit:

Depth to Groundwater:

Type of Equipment:

Depth Drilled:

other

Hole Number, Field:

E
X

P
LO

R
A

TI
O

N
 L

O
G

  E
LM

17
9S

IT
E

3.
G

P
J 

 A
C

E
_A

N
C

.G
D

T 
 1

/1
6/

03

J4ENEMAG
NEW FUEL SYSTEMS MAINTENANCE HANGAR                                                      ELM179DACA85-02-R-0009, AMENDMENT R0016

J4ENEMAG
               Page 38



0.0

0.0

%
Fi

ne
s

M
ax

 S
ize

 (m
m

)

Surface:  Grass

Poorly graded SAND with Gravel

Well-graded GRAVEL with Sand
and Cobbles
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5

This boring is located 2 meters south of
AP-4279. Reference AP-4279 for soil sampling
from the surface to 6 meters

Gray, moist, subrounded gravel, fine to
medium sand, bits of coal in sample

Gray, moist, subrounded gravel, fine to coarse
sand, cobbles and gravel fractured while
driving

63.5
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May 94 Prev. Ed. Obsolete

Project: Hole Number:

Total Depth:

X

NEW FUEL SYSTEMS MAINTENANCE DOCK, SITE 3
(ELM179)
ELMENDORF AIR FORCE BASE, ALASKA

60.6 m

NEW FUEL SYSTEMS MAINTENANCE DOCK,
SITE 3 (ELM179)

10.2 m GE

806,417 m
511,600 m

Jason Love James Robson

15.5 m
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CORPS OF ENGINEERS

ENGINEERING SERVICES

ALASKA DISTRICT

Soils and Geology Section

Auger Hole

SB-23

CME85 with Automatic Hammer Grab and Drive

Project:

Drilling Agency: Alaska District

Northing:
Easting:Location:

 7 Aug 2002

Denali Drilling

203.2 mm HSA with bullet bit

Operator:

X

15.1 m

Type of Samples:

Other

Date:

Top of Hole
Elevation:

Test Pit X Monitoring Well Piezometer

AP-4282

AP-4282

154 kg 63.5 mm

Elevation Datum:
MSL

Hammer Weight: Split Spoon I.D: Size and Type of Bit:

Depth to Groundwater:

Type of Equipment:

Depth Drilled:

other

Hole Number, Field:
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0.0

0.0

0.0

0.0

0.0

Well-graded GRAVEL with Sand
and Cobbles

Well-graded GRAVEL with Sand
and Cobbles

Well-graded SAND with Gravel

Well-graded GRAVEL with Sand

Well-graded GRAVEL with Sand
and Cobbles

8
27

22/8 cm

10
19
21
20

12
12
14

19
13
12

32
22
26

6

6b

8

9
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Gray, moist, subangular to subrounded gravel,
fine to coarse sand, cobbles fractured while
driving

Gray, moist to wet, subrounded gravel, fine to
coarse sand, cobbles fractured while driving,
bits of coal in sample

300 mm of heaving sand
Gray, wet, subrounded gravel, fine to coarse
sand

Gray, wet, subrounded gravel, fine to coarse
sand

Gray, wet subangular to subrounded gravel,
fine to coarse sand, cobbles fractured while
driving
Bottom of Hole 15.5 m
    Elevation  45.1 m
Groundwater Encountered:  at depth 10.2 m
PID = (Hot) Photo Ionization Detector
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May 94 Prev. Ed. Obsolete

Project: Hole Number:

Total Depth:

X

NEW FUEL SYSTEMS MAINTENANCE DOCK, SITE 3
(ELM179)
ELMENDORF AIR FORCE BASE, ALASKA

60.6 m

NEW FUEL SYSTEMS MAINTENANCE DOCK,
SITE 3 (ELM179)

10.2 m GE

806,417 m
511,600 m

Jason Love James Robson

15.5 m
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CORPS OF ENGINEERS

ENGINEERING SERVICES

ALASKA DISTRICT

Soils and Geology Section

Auger Hole

SB-23

CME85 with Automatic Hammer Grab and Drive

Project:

Drilling Agency: Alaska District

Northing:
Easting:Location:

 7 Aug 2002

Denali Drilling

203.2 mm HSA with bullet bit

Operator:

X

15.1 m

Type of Samples:

Other

Date:

Top of Hole
Elevation:

Test Pit X Monitoring Well Piezometer

AP-4282

AP-4282

154 kg 63.5 mm

Elevation Datum:
MSL

Hammer Weight: Split Spoon I.D: Size and Type of Bit:

Depth to Groundwater:

Type of Equipment:

Depth Drilled:
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SILT

Well-graded GRAVEL with Sand

Well-graded GRAVEL with Sand
and Cobbles
Poorly graded SAND with Gravel
and Cobbles

Poorly graded SAND with Gravel

Poorly graded SAND with Gravel
and Cobbles

Poorly graded SAND with Gravel
and Cobbles

Grab

12
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11

19
19
10

16
10
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13

18/8 cm
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14
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1

2

3a

3b

4

5

6

Yellow, moist, subangular gravel, fine to
coarse sand, nonplastic (NP) fines

Grayish brown, moist, subangular gravel, fine
to coarse sand

Gray, moist, subangular gravel, fine to coarse
sand, cobbles fractured while driving
Gray, moist, subangular gravel, fine to medium
sand, cobbles fractured while driving

Gray, moist, subangular gravel, fine to medium
sand

Gray, moist, subangular gravel, fine to medium
sand, cobbles fractured while driving

Gray, moist, subangular gravel, fine to medium
sand, cobbles fractured while driving
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NFS

NFS

NFS

6.4
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May 94 Prev. Ed. Obsolete

Project: Hole Number:

Total Depth:

X

NEW FUEL SYSTEMS MAINTENANCE DOCK, SITE 3
(ELM179)
ELMENDORF AIR FORCE BASE, ALASKA

60.9 m

NEW FUEL SYSTEMS MAINTENANCE DOCK,
SITE 3 (ELM179)

 NE

806,492 m
511,641 m

Jason Love James Robson

9.4 m
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CORPS OF ENGINEERS

ENGINEERING SERVICES

ALASKA DISTRICT

Soils and Geology Section

Auger Hole

SB-24

CME85 with Automatic Hammer Grab and Drive

Project:

Drilling Agency: Alaska District

Northing:
Easting:Location:

 7 Aug 2002

Denali Drilling

203.2 mm HSA with bullet bit

Operator:

X

9.0 m

Type of Samples:

Other

Date:

Top of Hole
Elevation:

Test Pit X Monitoring Well Piezometer

AP-4283

AP-4283

154 kg 63.5 mm

Elevation Datum:
MSL

Hammer Weight: Split Spoon I.D: Size and Type of Bit:

Depth to Groundwater:

Type of Equipment:

Depth Drilled:
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Hole Number, Field:
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CORPS OF ENGINEERS
ENGINEERING SERVICES

ALASKA DISTRICT

Soils and Geology Section

Auger Hole

SB-24

CME85 with Automatic Hammer Grab and Drive

Project:

Drilling Agency: Alaska District

Northing:
Easting:Location:

 7 Aug 2002

Denali Drilling

Poorly graded SAND with Silt,
Gravel, and Cobbles

15
12
12

7

Gray, moist, subangular to subrounded gravel,
fine to medium sand, cobbles fractured while
driving, 80-mm sand lense

Bottom of Hole 9.4 m
    Elevation  51.4 m
Groundwater Not Encountered
PID = (Hot) Photo Ionization Detector

>76.2SP-
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NPA Form 19-E
May 94 Prev. Ed. Obsolete

Project: Hole Number:

Total Depth:

X

NEW FUEL SYSTEMS MAINTENANCE DOCK, SITE 3
(ELM179)
ELMENDORF AIR FORCE BASE, ALASKA

60.9 m

NEW FUEL SYSTEMS MAINTENANCE DOCK,
SITE 3 (ELM179)

 NE

806,492 m
511,641 m

Jason Love James Robson

9.4 m
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203.2 mm HSA with bullet bit

Operator:

X

9.0 m

Type of Samples:

Other

Date:

Top of Hole
Elevation:

Test Pit X Monitoring Well Piezometer

AP-4283

AP-4283

154 kg 63.5 mm

Elevation Datum:
MSL

Hammer Weight: Split Spoon I.D: Size and Type of Bit:

Depth to Groundwater:

Type of Equipment:

Depth Drilled:
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Hole Number, Field:
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21

25

14

Silty GRAVEL with Sand

SILT with Sand

SILT

Sandy SILT

Well-graded GRAVEL with Sand

Poorly graded SAND with Silt,
Gravel, and Cobbles

Grab

2
4
6

2
4
3

4
25
35

9
20
26

CORPS OF ENGINEERS
ENGINEERING SERVICES

ALASKA DISTRICT

Soils and Geology Section

Auger Hole

TB-101

B-61 with Rope and Cathead Grab and Drive

Project:

Drilling Agency: Alaska District

Northing:
Easting:Location:

 2 Dec 2002

Denali Drilling

203.2 mm HSA with bullet bit

Operator:

X

4.4 m

Type of Samples:

Other

Date:

Top of Hole
Elevation:

Test Pit X Monitoring Well Piezometer

AP-4284

AP-4284

154 kg 63.5 mm

Elevation Datum:
MSL

Hammer Weight: Split Spoon I.D: Size and Type of Bit:

Depth to Groundwater:
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Depth Drilled:
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Brown, moist, rounded gravel, fine sand,  low
plasticity to nonplastic (NP) fines, FILL

Brown, moist, fine sand, NP fines, organics

Brown, moist, fine sand, NP fines

Brown, moist, subrounded gravel, fine sand,
NP fines, trace organics
Brown, moist, subangular to subrounded
gravel, medium to coarse sand

Brown, moist, subangular to rounded gravel,
medium to coarse sand, NP fines, 75-mm lense
of low plasticity fines, cobbles fractured while
driving
Bottom of Hole 4.9 m
    Elevation  53.8 m
Groundwater Not Encountered
PID = (Hot) Photo Ionization Detector
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May 94 Prev. Ed. Obsolete

Project: Hole Number:

Total Depth:

X

NEW FUEL SYSTEMS MAINTENANCE DOCK, SITE 3
(ELM179)
ELMENDORF AIR FORCE BASE, ALASKA

58.7 m

NEW FUEL SYSTEMS MAINTENANCE DOCK,
SITE 3 (ELM179)

 NE

806,477 m
511,188 m

Ed Carmen Marcus Palmer

4.9 m
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31

10

7

Silty SAND with Gravel

SILT

Poorly graded GRAVEL with Silt
and Sand

Poorly graded GRAVEL with Silt,
Sand, and Cobbles

Poorly graded SAND with Gravel
and Cobbles

Grab

4
4
5

2
7
9

11
18
23

9
16
30

30

7

11

17

50

48

1

2

3

4

5

Brown, moist, fine sand, nonplastic (NP) fines,
trace organics

Brown, moist, NP fines

Brown, moist, subrounded gravel, fine to
medium sand, NP fines

Brown, moist, subangular to subrounded
gravel, fine to medium sand, NP fines

Brown, moist, subrounded gravel, medium to
coarse sand, cobbles fractured while driving

Bottom of Hole 4.9 m
    Elevation  54.4 m
Groundwater Not Encountered
PID = (Hot) Photo Ionization Detector

53

43

41

F2

F4

PFS

F1

NFS

6.4

38.1

25.4

>76.2

>76.2

SM
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GM

GP-
GM
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NPA Form 19-E
May 94 Prev. Ed. Obsolete

Project: Hole Number:

Total Depth:

X

NEW FUEL SYSTEMS MAINTENANCE DOCK, SITE 3
(ELM179)
ELMENDORF AIR FORCE BASE, ALASKA

59.3 m

NEW FUEL SYSTEMS MAINTENANCE DOCK,
SITE 3 (ELM179)

 NE

806,478 m
511,268 m

Ed Carmen Marcus Palmer

4.9 m
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CORPS OF ENGINEERS

ENGINEERING SERVICES

ALASKA DISTRICT

Soils and Geology Section

Auger Hole

TB-102

B-61 with Rope and Cathead Grab and Drive

Project:

Drilling Agency: Alaska District

Northing:
Easting:Location:

 2 Dec 2002

Denali Drilling

203.2 mm HSA with bullet bit

Operator:

X

4.4 m

Type of Samples:

Other

Date:

Top of Hole
Elevation:

Test Pit X Monitoring Well Piezometer

AP-4285

AP-4285

154 kg 63.5 mm

Elevation Datum:
MSL

Hammer Weight: Split Spoon I.D: Size and Type of Bit:

Depth to Groundwater:

Type of Equipment:

Depth Drilled:
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Hole Number, Field:
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X

NEW FUEL SYSTEMS MAINTENANCE DOCK, SITE 3
(ELM179)
ELMENDORF AIR FORCE BASE, ALASKA

59.7 m

NEW FUEL SYSTEMS MAINTENANCE DOCK,
SITE 3 (ELM179)

 NE

806,478 m
511,334 m

Ed Carmen Marcus Palmer

4.9 m
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7

4

Well-graded SAND with Gravel

Poorly graded SAND with Silt
and Gravel

Silty SAND with Gravel

Well-graded SAND with Gravel
and Cobbles

Well-graded GRAVEL with Silt,
Sand, and Cobbles

Grab

8
9
13

5
7
6

5
35/100

mm

13
13
20

13

6

41

57

1

2

3

4

5

Brown, moist, subrounded gravel, fine to
coarse sand, FILL

Brown, moist, subrounded to rounded gravel,
fine to medium sand, nonplastic (NP) fines

Brown, moist, subrounded gravel, fine to
coarse sand, NP fines

Brown, moist, rounded gravel, fine to coarse
sand, sampler bouncing on cobble

Brown, moist, subrounded to rounded gravel,
fine to medium sand, cobbles fractured while
driving
Bottom of Hole 4.9 m
    Elevation  54.8 m
Groundwater Not Encountered
PID = (Hot) Photo Ionization Detector
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May 94 Prev. Ed. Obsolete

Project: Hole Number:

Total Depth:

CORPS OF ENGINEERS
ENGINEERING SERVICES

ALASKA DISTRICT

Soils and Geology Section

Auger Hole

TB-103

B-61 with Rope and Cathead Grab and Drive

Project:

Drilling Agency: Alaska District

Northing:
Easting:Location:

 2 Dec 2002

Denali Drilling

203.2 mm HSA with bullet bit

Operator:

X

4.4 m

Type of Samples:

Other

Date:

Top of Hole
Elevation:

Test Pit X Monitoring Well Piezometer

AP-4286

AP-4286

154 kg 63.5 mm

Elevation Datum:
MSL

Hammer Weight: Split Spoon I.D: Size and Type of Bit:

Depth to Groundwater:

Type of Equipment:

Depth Drilled:
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Hole Number, Field:
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26

5

Silty SAND

SILT with Sand

Well-graded SAND with Silt and
Gravel

Poorly graded GRAVEL with Silt
and Sand

Well-graded SAND with Gravel
and Cobbles

Grab

6
6
15

9
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23

13
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14
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22
18

45
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12

57
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Brown and orange mottled, moist, fine sand,
nonplastic (NP) fines

Olive, moist, rounded gravel, fine sand, NP
fines

Olive, moist, subangular to subrounded
gravel, fine to coarse sand, NP fines

Olive, moist, subrounded gravel, fine to coarse
sand, NP fines

Olive, moist, subangular to subrounded
gravel, fine to coarse sand

Bottom of Hole 4.9 m
    Elevation  55.5 m
Groundwater Not Encountered
PID = (Hot) Photo Ionization Detector
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NPA Form 19-E
May 94 Prev. Ed. Obsolete

Project: Hole Number:

Total Depth:

X

NEW FUEL SYSTEMS MAINTENANCE DOCK, SITE 3
(ELM179)
ELMENDORF AIR FORCE BASE, ALASKA

60.4 m

NEW FUEL SYSTEMS MAINTENANCE DOCK,
SITE 3 (ELM179)

 NE

806,481 m
511,441 m

Ed Carmen Marcus Palmer

4.9 m
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CORPS OF ENGINEERS

ENGINEERING SERVICES

ALASKA DISTRICT

Soils and Geology Section

Auger Hole

TB-104

B-61 with Rope and Cathead Grab and Drive

Project:

Drilling Agency: Alaska District

Northing:
Easting:Location:

 2 Dec 2002

Denali Drilling

203.2 mm HSA with bullet bit

Operator:

X

4.4 m

Type of Samples:

Other

Date:

Top of Hole
Elevation:

Test Pit X Monitoring Well Piezometer

AP-4287

AP-4287

154 kg 63.5 mm

Elevation Datum:
MSL

Hammer Weight: Split Spoon I.D: Size and Type of Bit:

Depth to Groundwater:

Type of Equipment:

Depth Drilled:
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Hole Number, Field:
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9

7

Silty SAND with Gravel

Poorly graded SAND

Poorly graded SAND with Silt
and Gravel

Well-graded GRAVEL with Silt
and Sand

Poorly graded SAND with Gravel
and Cobbles

Grab

3
6
9

15
16
32

18
34
44

35/100
mm

12

7

42

56

1

2

3

4

5

Gray, moist, subrounded to rounded gravel,
fine to coarse sand, nonplastic (NP) fines,
possible FILL

Gray, moist, fine and coarse sand, poor
recovery

Gray, moist, subangular to subrounded gravel,
fine sand

Brown, moist, subrounded to rounded gravel,
fine to coarse sand, NP fines, cobble blocking
shoe

Brown, moist, subrounded gravel, fine sand,
sampler bouncing on cobble
Bottom of Hole 4.6 m
    Elevation  56.1 m
Groundwater Not Encountered
PID = (Hot) Photo Ionization Detector
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  Description and Remarks

 P
ID

 (p
pm

)

Permanent: Inspector:

  Type of Hole: other

1

2

3

4

5

6

7

8

NPA Form 19-E
May 94 Prev. Ed. Obsolete

Project: Hole Number:

Total Depth:

X

NEW FUEL SYSTEMS MAINTENANCE DOCK, SITE 3
(ELM179)
ELMENDORF AIR FORCE BASE, ALASKA

60.7 m

NEW FUEL SYSTEMS MAINTENANCE DOCK,
SITE 3 (ELM179)

 NE

806,479 m
511,527 m

Ed Carmen Marcus Palmer

4.6 m

Page  1  of  1
CORPS OF ENGINEERS

ENGINEERING SERVICES

ALASKA DISTRICT

Soils and Geology Section

Auger Hole

TB-105

B-61 with Rope and Cathead Grab and Drive

Project:

Drilling Agency: Alaska District

Northing:
Easting:Location:

 2 Dec 2002

Denali Drilling

203.2 mm HSA with bullet bit

Operator:

X

4.4 m

Type of Samples:

Other

Date:

Top of Hole
Elevation:

Test Pit X Monitoring Well Piezometer

AP-4288

AP-4288

154 kg 63.5 mm

Elevation Datum:
MSL

Hammer Weight: Split Spoon I.D: Size and Type of Bit:

Depth to Groundwater:

Type of Equipment:

Depth Drilled:

other

Hole Number, Field:

E
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Appendix B 

 

Laboratory Test Results of 

Selected Soil Samples 
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(X=NO)PERCENTFINERSIZE
PASS?SPEC.*PERCENTSIEVE

Project No:

Project:
Client:

Elev./Depth:Location:
Date:Source of Sample:Sample No.:

Remarks

Classification

Coefficients

Atterberg Limits

Soil Description

*

AASHTO=USCS=

Cc=Cu=
D10=D15=D30=
D50=D60=D85=

PI=LL=PL=

Particle Size Distribution Report
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N
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100 10 1 0.1 0.01 0.001500
GRAIN SIZE - mm

% COBBLES % GRAVEL % SAND % SILT % CLAY

80 56 40 28 20 14 10 5 2.
5

1.
25

.6
3

.3
15

.1
6

.0
8

0.0 67.6 29.3 3.1

Plate2002-170

New Fuel Systems Maintenance Dock Site # 3
Elmendorf AFB, Ak.

U.S. Army Corps of Engineers

SB-1 Sample 2
Client Samples2836

Moisture Content = 1.7 %
Percent Finer Than the 0.02 mm size =2.6 %
Frost Design Soil Classification = PFS(a)

A-1-aGW

2.2354.46
0.3620.7533.99
11.719.736.6

Well-graded gravel with sand

(no specification provided)

Mappa TestLab

100.0
68.3
59.0
51.3
45.2
32.4
22.6
11.1

7.5
5.5
3.1

50 mm.
25 mm.
19 mm.

12.5 mm.
9.5 mm.

4.75 mm.
2.0 mm.

.425 mm.

.250 mm.

.180 mm.

.075 mm.
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PASS?SPEC.*PERCENTSIEVE

Project No:

Project:
Client:

Elev./Depth:Location:
Date:Source of Sample:Sample No.:

Remarks

Classification

Coefficients

Atterberg Limits

Soil Description

*

AASHTO=USCS=

Cc=Cu=
D10=D15=D30=
D50=D60=D85=

PI=LL=PL=

Particle Size Distribution Report
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6

.0
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0.0 20.4 55.1 24.5

Plate2002-170

New Fuel Systems Maintenance Dock Site # 3
Elmendorf AFB, Ak.

U.S. Army Corps of Engineers

SB-2 Sample 1
Client Samples2837

Moisture Content = 13.6 %
Percent Finer Than the 0.02 mm size = 18.8 %
Frost Design Soil Classification = F3(b)

A-1-bSM

0.153
0.5090.9557.28

Silty sand with gravel

(no specification provided)

Mappa TestLab

100.0
100.0

98.7
92.1
88.4
79.6
69.7
46.8
37.1
32.0
24.5

50 mm.
25 mm.
19 mm.

12.5 mm.
9.5 mm.

4.75 mm.
2.0 mm.

.425 mm.

.250 mm.

.180 mm.

.075 mm.
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(X=NO)PERCENTFINERSIZE
PASS?SPEC.*PERCENTSIEVE

Project No:

Project:
Client:

Elev./Depth:Location:
Date:Source of Sample:Sample No.:

Remarks

Classification

Coefficients

Atterberg Limits

Soil Description

*

AASHTO=USCS=

Cc=Cu=
D10=D15=D30=
D50=D60=D85=

PI=LL=PL=

Particle Size Distribution Report
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80 56 40 28 20 14 10 5 2.
5

1.
25

.6
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.3
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.1
6

.0
8

0.0 16.1 55.6 28.3

Plate2002-170

New Fuel Systems Maintenance Dock Site # 3
Elmendorf AFB, Ak.

U.S. Army Corps of Engineers

SB-3 Sample 1
Client Samples2838

Moisture Content = 21.7 %
Percent Finer Than the 0.02 mm size =18.1 %
Frost Design Soil Classification =  F3(b)

A-2-4(0)SM

0.01500.0980
0.4800.8265.27

Silty sand with gravel

(no specification provided)

Mappa TestLab

100.0
100.0

97.4
95.1
91.9
83.9
74.3
47.8
39.0
34.9
28.3

50 mm.
25 mm.
19 mm.

12.5 mm.
9.5 mm.

4.75 mm.
2.0 mm.

.425 mm.

.250 mm.

.180 mm.

.075 mm.
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Project No:

Project:
Client:

Elev./Depth:Location:
Date:Source of Sample:Sample No.:

Remarks

Classification

Coefficients

Atterberg Limits

Soil Description

*

AASHTO=USCS=

Cc=Cu=
D10=D15=D30=
D50=D60=D85=

PI=LL=PL=

Particle Size Distribution Report
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% COBBLES % GRAVEL % SAND % SILT % CLAY

80 56 40 28 20 14 10 5 2.
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1.
25

.6
3

.3
15

.1
6

.0
8

0.0 53.7 40.9 5.4

Plate2002-170

New Fuel Systems Maintenance Dock Site # 3
Elmendorf AFB, Ak.

U.S. Army Corps of Engineers

SB-3 Sample 3
Client Samples2839

Moisture Content = 3.0 %

A-1-aGP-GM

0.9636.82
0.2610.4461.55
6.049.6031.1

Poorly graded gravel with silt and sand

(no specification provided)

Mappa TestLab

100.0
79.8
75.3
67.8
59.7
46.3
33.5
14.5

9.7
7.9
5.4

50 mm.
25 mm.
19 mm.

12.5 mm.
9.5 mm.

4.75 mm.
2.0 mm.

.425 mm.

.250 mm.

.180 mm.

.075 mm.
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Project No:

Project:
Client:

Elev./Depth:Location:
Date:Source of Sample:Sample No.:

Remarks

Classification

Coefficients

Atterberg Limits

Soil Description

*

AASHTO=USCS=

Cc=Cu=
D10=D15=D30=
D50=D60=D85=

PI=LL=PL=

Particle Size Distribution Report
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25
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8

0.0 44.4 35.1 20.5

Plate2002-170

New Fuel Systems Maintenance Dock Site # 3
Elmendorf AFB, Ak.

U.S. Army Corps of Engineers

SB-4 Sample 3
Client Samples2840

Moisture Content = 6.3 %
Percent Finer Than the 0.02 mm size =9.6 %
Frost Design Soil Classification =  F1

A-1-bGM

0.46332.19
0.02170.04400.269
2.697.2121.1

Silty gravel with sand

(no specification provided)

Mappa TestLab

100.0
91.1
81.4
72.4
65.2
55.6
47.0
33.6
29.5
27.4
20.5

50 mm.
25 mm.
19 mm.

12.5 mm.
9.5 mm.

4.75 mm.
2.0 mm.

.425 mm.

.250 mm.

.180 mm.

.075 mm.
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Project No:

Project:
Client:

Elev./Depth:Location:
Date:Source of Sample:Sample No.:

Remarks

Classification

Coefficients

Atterberg Limits

Soil Description

*

AASHTO=USCS=

Cc=Cu=
D10=D15=D30=
D50=D60=D85=

PI=LL=PL=

Particle Size Distribution Report
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.0
8

0.0 56.7 39.3 4.0

Plate2002-170

New Fuel Systems Maintenance Dock Site # 3
Elmendorf AFB, Ak.

U.S. Army Corps of Engineers

SB-5 Sample 1
Client Samples2841

Moisture Content = 3.0 %
Percent Finer Than the 0.02 mm size =1.9 %
Frost Design Soil Classification =  PFS(a)

A-1-aGW

1.9429.09
0.3270.6222.45
6.269.5025.4

Well-graded gravel with sand

(no specification provided)

Mappa TestLab

100.0
84.7
79.6
66.5
60.0
43.3
26.8
12.1

8.0
6.1
4.0

50 mm.
25 mm.
19 mm.

12.5 mm.
9.5 mm.

4.75 mm.
2.0 mm.

.425 mm.

.250 mm.

.180 mm.

.075 mm.
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Project No:

Project:
Client:

Elev./Depth:Location:
Date:Source of Sample:Sample No.:

Remarks

Classification

Coefficients

Atterberg Limits

Soil Description

*

AASHTO=USCS=

Cc=Cu=
D10=D15=D30=
D50=D60=D85=

PI=LL=PL=

Particle Size Distribution Report
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0.0 44.1 51.9 4.0

Plate2002-170

New Fuel Systems Maintenance Dock Site # 3
Elmendorf AFB, Ak.

U.S. Army Corps of Engineers

SB-6 Sample 2
Client Samples2842

Moisture Content = 2.0 %
Percent Finer Than the 0.02 mm size =3.1 %
Frost Design Soil Classification =  PFS(b)

A-1-aSP

0.8611.96
0.4820.7131.55
3.655.7620.6

Poorly graded sand with gravel

(no specification provided)

Mappa TestLab

100.0
88.8
83.6
77.6
71.1
55.9
35.9

8.9
6.5
5.6
4.0

50 mm.
25 mm.
19 mm.

12.5 mm.
9.5 mm.

4.75 mm.
2.0 mm.

.425 mm.

.250 mm.

.180 mm.

.075 mm.
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(X=NO)PERCENTFINERSIZE
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Project No:

Project:
Client:

Elev./Depth:Location:
Date:Source of Sample:Sample No.:

Remarks

Classification

Coefficients

Atterberg Limits

Soil Description

*

AASHTO=USCS=

Cc=Cu=
D10=D15=D30=
D50=D60=D85=

PI=LL=PL=

Particle Size Distribution Report
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Plate2002-170

New Fuel Systems Maintenance Dock Site # 3
Elmendorf AFB, Ak.

U.S. Army Corps of Engineers

SB-6 Sample 3
Client Samples2843

Moisture Content = 3.1 %

A-1-aGW

2.0232.26
0.2690.4932.17
5.748.6822.2

Well-graded gravel with sand

(no specification provided)

Mappa TestLab

100.0
86.7
81.9
67.0
61.7
45.2
28.8
13.8

9.4
7.0
4.2

50 mm.
25 mm.
19 mm.

12.5 mm.
9.5 mm.

4.75 mm.
2.0 mm.

.425 mm.

.250 mm.

.180 mm.

.075 mm.
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Project No:

Project:
Client:

Elev./Depth:Location:
Date:Source of Sample:Sample No.:

Remarks

Classification

Coefficients

Atterberg Limits

Soil Description

*

AASHTO=USCS=

Cc=Cu=
D10=D15=D30=
D50=D60=D85=

PI=LL=PL=

Particle Size Distribution Report
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0.0 0.0 28.4 71.6

Plate2002-170

New Fuel Systems Maintenance Dock Site # 3
Elmendorf AFB, Ak.

U.S. Army Corps of Engineers

SB-7  Sample # 3
Client Samples2845

Moisture Content = 26.6 %
% Finer Than the 0.02 mm = 56.3 %
Frost Design Soil Classification = F4(d)

A-4(0)CL-ML

0.01620.02310.259

42420

Silty clay with sand

(no specification provided)

Mappa TestLab

100.0
91.6
84.4
78.4
71.6

2.0 mm.
.425 mm.
.250 mm.
.180 mm.
.075 mm.

J4ENEMAG
NEW FUEL SYSTEMS MAINTENANCE HANGAR                                                      ELM179DACA85-02-R-0009, AMENDMENT R0016

J4ENEMAG
               Page 57



(X=NO)PERCENTFINERSIZE
PASS?SPEC.*PERCENTSIEVE

Project No:

Project:
Client:

Elev./Depth:Location:
Date:Source of Sample:Sample No.:

Remarks

Classification

Coefficients

Atterberg Limits

Soil Description

*

AASHTO=USCS=

Cc=Cu=
D10=D15=D30=
D50=D60=D85=

PI=LL=PL=

Particle Size Distribution Report
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Plate2002-170

New Fuel Systems Maintenance Dock Site # 3
Elmendorf AFB, Ak.

U.S. Army Corps of Engineers

9.5 - 11.0 ftSB-7 Sample 4
Client Samples2844

Moisture Content = 3.5 %

A-1-aGW

2.9942.02
0.2890.6393.24
9.1012.227.8

Well-graded gravel with sand

(no specification provided)

Mappa TestLab

100.0
81.6
72.3
60.9
51.4
35.6
24.3
12.4

9.1
7.2
4.3

50 mm.
25 mm.
19 mm.

12.5 mm.
9.5 mm.

4.75 mm.
2.0 mm.

.425 mm.

.250 mm.

.180 mm.

.075 mm.
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Project:
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Elev./Depth:Location:
Date:Source of Sample:Sample No.:

Remarks
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Coefficients

Atterberg Limits

Soil Description

*

AASHTO=USCS=

Cc=Cu=
D10=D15=D30=
D50=D60=D85=

PI=LL=PL=

Particle Size Distribution Report
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Plate2002-170

New Fuel Systems Maintenance Dock Site # 3
Elmendorf AFB, Ak.

U.S. Army Corps of Engineers

SB-8 Sample 1
Client Samples2846

Moisture Content = 1.8 %
% Finer Than the 0.02 mm = 2.7 %
Frost Design Soil Classification = PFS(a)

A-1-aGW-GM

2.2041.47
0.3500.6223.34
9.9914.528.2

Well-graded gravel with silt and sand

(no specification provided)

Mappa TestLab

100.0
81.1
70.8
55.1
49.0
34.7
25.6
11.6

7.8
6.6
5.4

50 mm.
25 mm.
19 mm.

12.5 mm.
9.5 mm.

4.75 mm.
2.0 mm.

.425 mm.

.250 mm.

.180 mm.

.075 mm.
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Date:Source of Sample:Sample No.:

Remarks
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Coefficients

Atterberg Limits

Soil Description

*

AASHTO=USCS=

Cc=Cu=
D10=D15=D30=
D50=D60=D85=

PI=LL=PL=

Particle Size Distribution Report
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Plate2002-170

New Fuel Systems Maintenance Dock Site # 3
Elmendorf AFB, Ak.

U.S. Army Corps of Engineers

SB-8 Sample 3
Client Samples2847

Moisture Content = 2.2 %

A-1-aGW

1.2644.54
0.3040.5572.28
8.9413.632.2

Well-graded gravel with sand

(no specification provided)

Mappa TestLab

100.0
76.1
67.0
58.3
51.4
40.0
28.3
12.7

8.5
6.3
3.4

50 mm.
25 mm.
19 mm.

12.5 mm.
9.5 mm.

4.75 mm.
2.0 mm.

.425 mm.

.250 mm.

.180 mm.

.075 mm.
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Coefficients

Atterberg Limits

Soil Description

*
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Plate2002-170

New Fuel Systems Maintenance Dock Site # 3
Elmendorf AFB, Ak.

U.S. Army Corps of Engineers

SB-9 Sample 2
Client Samples2848

Moisture Content = 1.7 %

A-1-aGW

2.3837.68
0.6141.355.82
15.723.139.0

Well-graded gravel with sand

(no specification provided)

Mappa TestLab

100.0
62.8
45.2
39.0
27.1
18.0

7.8
4.8
3.6
2.3

50 mm.
25 mm.

12.5 mm.
9.5 mm.
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2.0 mm.
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.180 mm.
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Plate2002-170

New Fuel Systems Maintenance Dock Site # 3
Elmendorf AFB, Ak.

U.S. Army Corps of Engineers

SB-10 Sample 1
Client Samples2849

Moisture Content = 1.8 %

A-1-aGP

0.9219.43
0.4250.6651.80
5.618.2615.4

Poorly graded gravel with sand

(no specification provided)

Mappa TestLab

100.0
96.5
92.7
75.4
46.5
31.7
10.0

6.4
5.2
3.6

50 mm.
25 mm.
19 mm.

12.5 mm.
4.75 mm.

2.0 mm.
.425 mm.
.250 mm.
.180 mm.
.075 mm.
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Plate2002-170

New Fuel Systems Maintenance Dock Site # 3
Elmendorf AFB, Ak.

U.S. Army Corps of Engineers

SB-11 Sample 2
Client Samples2850

Moisture Content = 1.5 %

A-1-aGP

0.5321.08
0.5220.7301.75
6.5811.031.4

Poorly graded gravel with sand

(no specification provided)

Mappa TestLab

100.0
79.1
73.3
62.6
57.3
43.8
32.0

7.6
4.0
2.8
1.5

50 mm.
25 mm.
19 mm.

12.5 mm.
9.5 mm.

4.75 mm.
2.0 mm.

.425 mm.

.250 mm.

.180 mm.

.075 mm.
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Plate2002-170

New Fuel Systems Maintenance Dock Site # 3
Elmendorf AFB, Ak.

U.S. Army Corps of Engineers

SB-12 Sample 2
Client Samples2851

Moisture Content = 2.2 %

A-1-aGW

2.0642.27
0.3460.5483.22
10.114.630.2

Well-graded gravel with sand

(no specification provided)

Mappa TestLab

100.0
78.5
68.4
55.6
48.6
35.2
25.2
12.4

6.5
4.3
2.3

50 mm.
25 mm.
19 mm.

12.5 mm.
9.5 mm.

4.75 mm.
2.0 mm.

.425 mm.

.250 mm.

.180 mm.

.075 mm.
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Plate2002-170

New Fuel Systems Maintenance Dock Site # 3
Elmendorf AFB, Ak.

U.S. Army Corps of Engineers

SB-13 Sample 2
Client Samples2852

Moisture Content = 2.6 %
%Finer Than the 0.02 mm size = 3.5 %
Frost Design Soil Classification =  S1

A-1-aGW

2.1950.09
0.2360.4452.47
6.7811.829.9

Well-graded gravel with sand

(no specification provided)

Mappa TestLab

100.0
80.0
72.4
61.2
56.1
43.0
26.6
14.7
10.5

7.9
4.7

50 mm.
25 mm.
19 mm.

12.5 mm.
9.5 mm.

4.75 mm.
2.0 mm.

.425 mm.

.250 mm.

.180 mm.

.075 mm.

J4ENEMAG
NEW FUEL SYSTEMS MAINTENANCE HANGAR                                                      ELM179DACA85-02-R-0009, AMENDMENT R0016

J4ENEMAG
               Page 65



(X=NO)PERCENTFINERSIZE
PASS?SPEC.*PERCENTSIEVE

Project No:

Project:
Client:

Elev./Depth:Location:
Date:Source of Sample:Sample No.:

Remarks

Classification

Coefficients

Atterberg Limits

Soil Description

*

AASHTO=USCS=

Cc=Cu=
D10=D15=D30=
D50=D60=D85=

PI=LL=PL=

Particle Size Distribution Report

 10

 20

 30

 40

 50

 60

 70

 80

 90

0

100

PE
R

C
EN

T 
FI

N
ER

100 10 1 0.1 0.01 0.001500
GRAIN SIZE - mm

% COBBLES % GRAVEL % SAND % SILT % CLAY

80 56 40 28 20 14 10 5 2.
5

1.
25

.6
3

.3
15

.1
6

.0
8

0.0 61.2 34.9 3.9

Plate2002-170

New Fuel Systems Maintenance Dock Site # 3
Elmendorf AFB, Ak.

U.S. Army Corps of Engineers

SB-15 Sample 2
Client Samples2853

Moisture Content = 2.2 %

A-1-aGP

0.7936.23
0.3950.6462.11
9.4514.322.4

Poorly graded gravel with sand

(no specification provided)

Mappa TestLab

100.0
93.2
73.8
55.7
50.1
38.8
29.4
10.6

7.2
5.9
3.9

50 mm.
25 mm.
19 mm.

12.5 mm.
9.5 mm.

4.75 mm.
2.0 mm.

.425 mm.

.250 mm.

.180 mm.

.075 mm.
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Plate2002-170

New Fuel Systems Maintenance Dock Site # 3
Elmendorf AFB, Ak.

U.S. Army Corps of Engineers

SB-16 Sample 1
Client Samples2854

Moisture Content = 2.2 %
% Finer Than the 0.02 mm size = 2.5 %
Frost Design Soil Classification =  PFS(a)

A-1-aGW

1.1621.65
0.4940.7752.48
8.3310.722.3

Well-graded gravel with sand

(no specification provided)

Mappa TestLab

100.0
89.7
78.3
66.5
54.8
38.4
27.3

8.6
5.1
4.1
3.8

50 mm.
25 mm.
19 mm.

12.5 mm.
9.5 mm.

4.75 mm.
2.0 mm.

.425 mm.

.250 mm.

.180 mm.

.075 mm.
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Plate2002-170

New Fuel Systems Maintenance Dock Site # 3
Elmendorf AFB, Ak.

U.S. Army Corps of Engineers

 4.5 - 6.0 ftSB-17 Sample 2
Client Samples2855

Moisture Content = 18.3 %
% Finer Than the 0.02 mm size = 13.9%
Frost Design Soil Classification = F2(b)

A-2-4(0)SM

0.02320.0907
0.1980.2440.542

Silty sand

(no specification provided)

Mappa TestLab

100.0
97.8
79.5
61.2
45.6
28.1

9.5 mm.
2.0 mm.

.425 mm.

.250 mm.

.180 mm.

.075 mm.

J4ENEMAG
NEW FUEL SYSTEMS MAINTENANCE HANGAR                                                      ELM179DACA85-02-R-0009, AMENDMENT R0016

J4ENEMAG
               Page 68



(X=NO)PERCENTFINERSIZE
PASS?SPEC.*PERCENTSIEVE

Project No:

Project:
Client:

Elev./Depth:Location:
Date:Source of Sample:Sample No.:

Remarks

Classification

Coefficients

Atterberg Limits

Soil Description

*

AASHTO=USCS=

Cc=Cu=
D10=D15=D30=
D50=D60=D85=

PI=LL=PL=

Particle Size Distribution Report

 10

 20

 30

 40

 50

 60

 70

 80

 90

0

100

PE
R

C
EN

T 
FI

N
ER

100 10 1 0.1 0.01 0.001500
GRAIN SIZE - mm

% COBBLES % GRAVEL % SAND % SILT % CLAY

80 56 40 28 20 14 10 5 2.
5

1.
25

.6
3

.3
15

.1
6

.0
8

0.0 18.2 29.5 52.3

Plate2002-170

New Fuel Systems Maintenance Dock Site # 3
Elmendorf AFB, Ak.

U.S. Army Corps of Engineers

7.5 - 9.0 ftSB-17 Sample 3
Client Samples2865

Moisture Content = 19.3 %
% Finer Than the 0.02 mm size = 47.5 %
Frost Design Soil Classification = F4(a)

A-4(0)ML

0.03390.2026.92

Sandy silt with gravel

(no specification provided)

Mappa TestLab

100.0
96.9
90.7
88.0
81.8
78.0
67.4
62.6
58.6
52.3

25 mm.
19 mm.

12.5 mm.
9.5 mm.

4.75 mm.
2.0 mm.

.425 mm.

.250 mm.

.180 mm.

.075 mm.
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Plate2002-170

New Fuel Systems Maintenance Dock Site # 3
Elmendorf AFB, Ak.

U.S. Army Corps of Engineers

0 - 2 ftSB-18 Sample 1
Client Samples2856

Moisture Content = 18.0 %
% Finer Than the 0.02 mm size = 17.6 %
Frost Design Soil Classification =  F3(b)

A-4(0)SM

0.01610.0450
0.1780.2330.746

Silty sand

(no specification provided)

Mappa TestLab

100.0
98.2
97.1
94.6
92.1
76.5
62.7
50.3
37.4

19 mm.
12.5 mm.

9.5 mm.
4.75 mm.

2.0 mm.
.425 mm.
.250 mm.
.180 mm.
.075 mm.
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Plate2002-170

New Fuel Systems Maintenance Dock Site # 3
Elmendorf AFB, Ak.

U.S. Army Corps of Engineers

SB-19 Sample 2
Client Samples2857

Moisture Content = 7.2 %
% Finer Than the 0.02 mm size = 7.0 %
Frost Design Soil Classification = F2(b)

A-1-bSW-SM

1.4919.89
0.05380.1420.293
0.6761.078.62

Well-graded sand with silt and gravel

(no specification provided)

Mappa TestLab

100.0
94.8
89.9
86.2
79.5
70.8
39.0
26.1
18.6
11.0

25 mm.
19 mm.

12.5 mm.
9.5 mm.

4.75 mm.
2.0 mm.

.425 mm.

.250 mm.

.180 mm.

.075 mm.
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Plate2002-170

New Fuel Systems Maintenance Dock Site # 3
Elmendorf AFB, Ak.

U.S. Army Corps of Engineers

0 - 2 ftSB-20 Sample 1
Client Samples2858

Moisture Content = 18.0 %
% Finer Than the 0.02 mm size = 25.8 %
Frost Design Soil Classification =  F3(b)

A-4(0)SM

0.0260
0.1200.1962.18

Silty sand

(no specification provided)

Mappa TestLab

100.0
96.5
94.9
90.2
84.4
72.9
66.4
57.8
44.3

19 mm.
12.5 mm.

9.5 mm.
4.75 mm.

2.0 mm.
.425 mm.
.250 mm.
.180 mm.
.075 mm.
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Plate2002-170

New Fuel Systems Maintenance Dock Site # 3
Elmendorf AFB, Ak.

U.S. Army Corps of Engineers

9.5 - 11.0 ftSB-20 Sample 3
Client Samples2859

Moisture Content = 3.8 %
% Finer Than the 0.02 mm size = 4.6 %
Frost Design Soil Classification = S2

A-1-aSP-SM

0.5132.12
0.1710.2700.692
3.055.5019.7

Poorly graded sand with silt and gravel

(no specification provided)

Mappa TestLab

100.0
89.6
84.3
76.9
70.6
57.5
43.4
22.8
13.9
10.4

6.5

50 mm.
25 mm.
19 mm.

12.5 mm.
9.5 mm.

4.75 mm.
2.0 mm.

.425 mm.

.250 mm.

.180 mm.

.075 mm.
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Plate2002-170

New Fuel Systems Maintenance Dock Site # 3
Elmendorf AFB, Ak.

U.S. Army Corps of Engineers

SB-21 Sample 3
Client Samples2861

Moisture Content = 3.2 %
% Finer Than the 0.02 mm size = 5.2 %
Frost Design Soil Classification = S1

A-1-aGP-GM

0.9586.71
0.1270.2501.16
6.4911.024.1

Poorly graded gravel with silt and sand

(no specification provided)

Mappa TestLab

100.0
86.1
76.7
63.0
56.9
45.1
34.6
21.2
15.0
12.2

7.9
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Plate2002-170

New Fuel Systems Maintenance Dock Site # 3
Elmendorf AFB, Ak.

U.S. Army Corps of Engineers

SB-21 Sample 4
Client Samples2860

Moisture Content = 3.2 %
% Finer Than the 0.02 mm size = 2.1 %
Frost Design Soil Classification = PFS(a)

A-1-aGP

0.5821.89
0.3680.5471.31
4.608.0622.0

Poorly graded gravel with sand

(no specification provided)

Mappa TestLab

100.0
89.2
80.1
71.0
63.9
50.5
37.4
11.6

6.8
5.1
2.7

50 mm.
25 mm.
19 mm.

12.5 mm.
9.5 mm.

4.75 mm.
2.0 mm.

.425 mm.

.250 mm.

.180 mm.

.075 mm.
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Plate2002-170

New Fuel Systems Maintenance Dock Site # 3
Elmendorf AFB, Ak.

U.S. Army Corps of Engineers

SB-22 Sample 2
Client Samples2862

Moisture Content = 15.0 %
% Finer Than the 0.02 mm size = 5.0 %
Frost Design Soil Classification = S2

A-2-4(0)SW-SM

2.608.51
0.05670.1370.267
0.3930.4821.14

Well-graded sand with silt

(no specification provided)

Mappa TestLab

100.0
99.4
96.3
91.4
54.0
27.4
18.9
10.9

12.5 mm.
9.5 mm.

4.75 mm.
2.0 mm.

.425 mm.

.250 mm.

.180 mm.

.075 mm.
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Plate2002-170

New Fuel Systems Maintenance Dock Site # 3
Elmendorf AFB, Ak.

U.S. Army Corps of Engineers

5.5 - 6.0 ftSB-22 Sample 2b
Client Samples2876

Moisture Content = 17.6 %
% Finer Than the 0.02 mm size = 46.5 %
Frost Design Soil Classification =  F4(a)

A-4(0)ML

0.04350.3725.49

Sandy silt with gravel

(no specification provided)

Mappa TestLab

100.0
74.5
61.3
56.3
54.0
50.8

19 mm.
2.0 mm.

.425 mm.

.250 mm.

.180 mm.

.075 mm.
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Plate2002-170

New Fuel Systems Maintenance Dock Site # 3
Elmendorf AFB, Ak.

U.S. Army Corps of Engineers

9.5 - 11.0 ftSB-22 Sample 3
Client Samples2863

Moisture Content = 4.9 %
% Finer Than the 0.02 mm size = 3.4 %
Frost Design Soil Classification =  S1

A-1-aGP-GM

0.8533.52
0.3220.5611.71
6.2710.825.5

Poorly graded gravel with silt & sand

(no specification provided)

Mappa TestLab

100.0
84.6
77.7
63.4
57.7
45.0
32.2
12.2

8.5
7.1
5.1

50 mm.
25 mm.
19 mm.

12.5 mm.
9.5 mm.

4.75 mm.
2.0 mm.

.425 mm.

.250 mm.

.180 mm.

.075 mm.
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Particle Size Distribution Report

 10

 20

 30

 40

 50

 60

 70

 80

 90

0

100

PE
R

C
EN

T 
FI

N
ER

100 10 1 0.1 0.01 0.001500
GRAIN SIZE - mm

% COBBLES % GRAVEL % SAND % SILT % CLAY

80 56 40 28 20 14 10 5 2.
5

1.
25

.6
3

.3
15

.1
6

.0
8

0.0 59.3 35.5 5.2

Plate2002-170

New Fuel Systems Maintenance Dock Site # 3
Elmendorf AFB, Ak.

U.S. Army Corps of Engineers

9.5 - 11.0 ftSB-23 Sample 3
Client Samples2864

Moisture Content = 2.2 %
Percent Passing the 0.02 mm size =
Frost Design Soil Classification =

A-1-aGP-GM

0.9055.54
0.2740.5001.94
9.6515.238.0

Poorly graded gravel with silt & sand

(no specification provided)

Mappa TestLab

100.0
68.5
64.1
55.6
49.7
40.7
30.4
13.5

9.4
7.7
5.2

50 mm.
25 mm.
19 mm.

12.5 mm.
9.5 mm.

4.75 mm.
2.0 mm.

.425 mm.

.250 mm.

.180 mm.

.075 mm.
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Particle Size Distribution Report
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Plate02-369.27

ELM179, Fuel Systems Maintanance Dock, Site 3
Elmendorf AFB, Alaska

U.S. Army Corps of Engineers

0.0-0.61
12/9/02TB-1011

Natural moisture 20.9%.

GM

0.02060.0714
3.026.5215.8

NPNVNP

Silty gravel with sand.
14.6% finer than 0.02mm.
Frost Class F 2.

(no specification provided)

A.W. Murfitt
Company 1

100.0
98.2
90.4
78.1
53.9
48.9
45.8
43.2
40.7
37.0
30.5

50 mm.
25 mm.
19 mm.

12.5 mm.
4.75 mm.

2 mm.
.85 mm.

0.425 mm.
0.25 mm.
0.15 mm.

0.075 mm.
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Plate02-369.27

ELM179, Fuel Systems Maintanance Dock, Site 3
Elmendorf AFB, Alaska

U.S. Army Corps of Engineers

0.762-1.219
12/9/02TB-1012

Natural moisture 25.4%.
Organics present in sample.

ML

0.02270.03060.127

NPNVNP

Silt with sand.
46.1% finer than 0.02mm.
Frost Class F 4.

(no specification provided)

A.W. Murfitt
Company 2

100.0
100.0
100.0

98.8
97.6
95.6
93.3
91.5
89.8
86.4
78.9

75 mm.
37.5 mm.

19 mm.
12.5 mm.
4.75 mm.

2 mm.
0.85 mm.

0.425 mm.
0.25 mm.
0.15 mm.

0.075 mm.
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Plate02-369.27

ELM179, Fuel Systems Maintanance Dock, Site 3
Elmendorf AFB, Alaska

U.S. Army Corps of Engineers

2.896-3.353
12/9/02TB-1014b

Natural moisture 14.0%.

GW

2.7035.24
0.3750.6773.66
8.9113.232.5

NVNP

Well-graded gravel with sand.
1.7% finer than 0.02mm.
Possibly Frost Susceptible (PFS).

(no specification provided)

A.W. Murfitt
Company 3

100.0
76.7
69.2
58.6
35.1
21.8
16.8
10.9

7.8
6.0
4.5

50 mm.
25 mm.
19 mm.

12.5 mm.
4.75 mm.

2 mm.
.85 mm.

0.425 mm.
0.25 mm.
0.15 mm.

0.075 mm.
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Plate02-369.27

ELM179, Fuel Systems Maintanance Dock, Site 3
Elmendorf AFB, Alaska

U.S. Army Corps of Engineers

0.0-0.61
12/9/02TB-1021

Natural moisture 30.7%.

SM

0.02770.0735
0.2100.5265.13

NVNP

Silty sand with gravel.
11.8% finer than 0.02mm.
Frost Class F 2.

(no specification provided)

A.W. Murfitt
Company 4

100.0
100.0
100.0

97.4
83.6
68.9
62.7
58.4
52.6
44.0
30.3

75 mm.
37.5 mm.

19 mm.
12.5 mm.
4.75 mm.

2 mm.
0.85 mm.

0.425 mm.
0.25 mm.
0.15 mm.

0.075 mm.
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Plate02-369.27

ELM179, Fuel Systems Maintanance Dock, Site 3
Elmendorf AFB, Alaska

U.S. Army Corps of Engineers

1.372-1.829
12/9/02TB-1023

Natural moisture 10.2%.

GP-GM

0.5457.36
0.1390.2150.773
4.817.9917.2

NPNVNP

Poorly graded gravel with silt and sand.
2.8% finer than 0.02mm.
Possibly Frost Susceptible (PFS).

(no specification provided)

A.W. Murfitt
Company 5

100.0
96.9
88.5
72.9
49.8
37.5
30.8
23.8
17.1
10.6

7.0

50 mm.
25 mm.
19 mm.

12.5 mm.
4.75 mm.

2 mm.
.85 mm.

0.425 mm.
0.25 mm.
0.15 mm.

0.075 mm.

J4ENEMAG
NEW FUEL SYSTEMS MAINTENANCE HANGAR                                                      ELM179DACA85-02-R-0009, AMENDMENT R0016

J4ENEMAG
               Page 84



(X=NO)PERCENTFINERSIZE
PASS?SPEC.*PERCENTSIEVE

Project No:

Project:
Client:

Elev./Depth:Location:
Date:Source of Sample:Sample No.:

Remarks

Classification

Coefficients

Atterberg Limits

Soil Description

*

AASHTO=USCS=

Cc=Cu=
D10=D15=D30=
D50=D60=D85=

PI=LL=PL=

Particle Size Distribution Report

 10

 20

 30

 40

 50

 60

 70

 80

 90

0

100

PE
R

C
EN

T 
FI

N
ER

100 10 1 0.1 0.01 0.001500
GRAIN SIZE - mm

% COBBLES % GRAVEL % SAND % SILT % CLAY

80 56 40 28 20 14 10 5 2.
5

1.
25

.6
3

.3
15

.1
6

.0
8

0.0 48.1 40.5 11.4

Plate02-369.27

ELM179, Fuel Systems Maintanance Dock, Site 3
Elmendorf AFB, Alaska

U.S. Army Corps of Engineers

2.896-3.353
12/9/02TB-1024

Natural moisture 6.5%.

GP-GM

0.45196.41
0.05230.1450.491
3.9310.340.2

NVNP

Poorly graded gravel with silt and sand.
6.9% finer than 0.02mm.
Frost Class F 1.

(no specification provided)

A.W. Murfitt
Company 6

100.0
83.4
69.4
62.6
51.9
43.6
36.8
28.0
20.9
15.3
11.4

75 mm.
37.5 mm.

19 mm.
12.5 mm.
4.75 mm.

2 mm.
0.85 mm.

0.425 mm.
0.25 mm.
0.15 mm.

0.075 mm.
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Plate02-369.27

ELM179, Fuel Systems Maintanance Dock, Site 3
Elmendorf AFB, Alaska

U.S. Army Corps of Engineers

1.372-1.829
12/9/02TB-1033

Natural moisture 6.5%.

SM

2.64189.44
0.02680.1210.599
2.875.0815.2

NPNVNP

Silty sand with gravel.
8.8% finer than 0.02mm.
Frost Class F 2.

(no specification provided)

A.W. Murfitt
Company 7

100.0
93.2
88.4
81.2
58.6
45.1
34.2
25.9
20.0
16.4
12.6

75 mm.
37.5 mm.

19 mm.
12.5 mm.
4.75 mm.

2 mm.
0.85 mm.

0.425 mm.
0.25 mm.
0.15 mm.

0.075 mm.
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Plate02-369.27

ELM179, Fuel Systems Maintanance Dock, Site 3
Elmendorf AFB, Alaska

U.S. Army Corps of Engineers

4.42-4.877
12/9/02TB-1035

Natural moisture 4.3%.

GW-GM

2.2131.75
0.2770.5962.32
6.138.7826.7

NVNP

Well-graded gravel with silt and sand.
3.3% finer than 0.02mm.
Frost Class S 1.

(no specification provided)

A.W. Murfitt
Company 8

100.0
82.9
73.8
67.4
43.1
28.1
18.6
12.2

9.6
7.8
6.3

50 mm.
25 mm.
19 mm.

12.5 mm.
4.75 mm.

2 mm.
.85 mm.

0.425 mm.
0.25 mm.
0.15 mm.

0.075 mm.

J4ENEMAG
NEW FUEL SYSTEMS MAINTENANCE HANGAR                                                      ELM179DACA85-02-R-0009, AMENDMENT R0016

J4ENEMAG
               Page 87



(X=NO)PERCENTFINERSIZE
PASS?SPEC.*PERCENTSIEVE

Project No:

Project:
Client:

Elev./Depth:Location:
Date:Source of Sample:Sample No.:

Remarks

Classification

Coefficients

Atterberg Limits

Soil Description

*

AASHTO=USCS=

Cc=Cu=
D10=D15=D30=
D50=D60=D85=

PI=LL=PL=

Particle Size Distribution Report

 10

 20

 30

 40

 50

 60

 70

 80

 90

0

100

PE
R

C
EN

T 
FI

N
ER

100 10 1 0.1 0.01 0.001500
GRAIN SIZE - mm

% COBBLES % GRAVEL % SAND % SILT % CLAY

80 56 40 28 20 14 10 5 2.
5

1.
25

.6
3

.3
15

.1
6

.0
8

0.0 12.1 42.8 45.1

Plate02-369.27

ELM179, Fuel Systems Maintanance Dock, Site 3
Elmendorf AFB, Alaska
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01-06 (FINAL) Geophysical Site Investigation, New Fuel Systems

R&M Consultants, Inc. Maintenance Dock Site 3, EAFB, Alaska1

GEOPHYSICAL SITE INVESTIGATION
NEW FUEL SYSTEMS MAINTENANCE DOCK SITE 3

ELMENDORF AFB, ALASKA

1.0  INTRODUCTION

R&M Consultants, Inc. (R&M) and Northwest Geophysical Associates, Inc. (NGA) conducted
a geophysical site investigation for the New Fuel Systems Maintenance Dock Site 3 at Elmendorf
AFB, Alaska.  Figure 1 shows the location of the site in Anchorage, Alaska.  The objective of
the geophysical investigation was to delineate buried items such as abandoned foundations,
utilidors, direct buried utilities, tanks, and dry wells.

The geophysical investigation included both an electromagnetic (EM) survey utilizing the
Geonics EM31 terrain conductivity meter and a magnetic (MAG) survey utilizing a Geometrics
G858G magnetometer/gradiometer.  Basic principles of these techniques are described in
Appendix B, Geophysical Detection of Buried Objects.

A detailed site plan is presented as Figure 2.  The eastern one-half of the site is currently a
riding stable.  The western one-third of the site is a mowed field adjacent to the south end of the
North/South Runway.  The site is bisected by an old railway grade which is approximately
3 meters below the elevation of the surrounding area.

Interpreted results are discussed in Section 4 and presented as a Geophysical Interpretation
Summary map on Figure 3.
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R&M Consultants, Inc. Maintenance Dock Site 3, EAFB, Alaska2

2.0  FIELD SURVEY

Geophysical field work was carried out on November 13 through 17, 2002, by a senior
geophysicist from NGA and a field technician from R&M. This survey differs from previous
surveys (Hangar 10, October, 2001; Child Development Center, January, 2001 and the Kenai
Civil Air Patrol Hangar, January, 2001) in that a differential global positioning system (DGPS)
was used to acquire positioning information.  Those position data were recorded simultaneously
with the EM/Mag data into the same data file.

2.1  Survey Control

The DGPS system was used to provide position information for the survey on the eastern portion
of the site, in the riding stable area, and on the western portion of the site, adjacent to the
runway.  A conventional staked grid was established along the railroad grade and on the wooded
slopes down to the grade.

Differential GPS data were acquired simultaneously with the EM and magnetic data acquisition
using a Trimble AG132 GPS system.  That system utilizes a “light bar” which provides visual
feedback to the operator to assure that he is “on line” and that the survey area is covered
uniformly.  This system is a real time differential GPS system using differential correction
information broadcast by a series of Coast Guard navigation radio beacons.  The GPS system
has “sub-meter” accuracy; hence positions are generally good to ± 0.3 to 0.6 meters, but may
be off by 0.6 to 1.3 meters.

Generally, a strong radio link was maintained with the Kenai GPS Coast Guard beacon,
providing the required survey accuracy.  However, on several occasions the link was
inexplicably lost, and hence the differential GPS accuracy was lost.  In most cases those lines
were rerun, but in a few instances the data lines were manually (in software) repositioned to their
estimated positions.

Further survey control was established by the Corps of Engineers.  They placed rebar markers
at the grid corners and at 100-meter increments along the northern and southern boundary of the
survey area.  DGPS positions were also acquired for those control points as well as numerous
“cultural” features (fences, structures, power poles, manholes, etc.) around the site.  When the
DGPS coordinates were converted to the survey coordinate system (Alaska State Plane, Zone
4, NAD83, meters) the agreement was less than 0.5 meters, hence no further correction was
made to the location data.

Along the railroad grade a series of cross lines, 10 meters apart, were staked at 10-meter
intervals using a 90-meter fiberglass tape and a right angle prism.  Those lines extended from
one side of the railroad cut, down to the railroad grade and back up the other side.  The lines
generally extended 30 meters on each side of the railroad grade centerline, far enough to tie with
the GPS grids on either side.
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R&M Consultants, Inc. Maintenance Dock Site 3, EAFB, Alaska3

A survey drawing of the site was supplied by the U.S. Army Corps of Engineers - Alaska
District and is used as the base map for Figures 2 and 3 (FUEL MAINTENANCE HANGAR,
Topography, Elmendorf AFB, Alaska, DOWL Engineers, 21 October 2002, EM179V01.DWG).
We refer to this as the “DOWL survey drawing.”

2.2  Magnetic Data Acquisition

The MAG survey was conducted using a Geometrics G858G cesium magnetometer/gradiometer.
This instrument was run in the “continuous” sampling mode, recording the magnetic field at 0.2
second intervals (approximately 0.3 meters).  Two magnetic sensors spaced 0.5 meters apart,
one above the other, were used to obtain the vertical magnetic gradient.  Line spacing for the
MAG survey was 5 meters.  With the exception of the railroad grade area, the MAG survey was
run using the GPS system with the light bar to provide line locations and spacing.

In the vicinity of the railroad grade, down both embankments and across the railroad grade, a
conventional staked grid was established as described in Section 2.1, Survey Control.  Data were
acquired in the discrete reading mode at a one meter spacing, pacing distances between the 10-
meter staked intervals.

Magnetic survey lines are shown on Figure 3 and the magnetometer data plots are provided in
Appendix A, Figures A1 and A2.

2.3  EM Data Acquisition 

EM data were acquired using a Geonics EM-31 terrain conductivity meter.  Both quadrature-
phase (conductivity) and in-phase data were recorded.  Data were recorded at a 1 second
interval, corresponding to a distance of slightly more than 0.3 meters. As with the MAG survey,
the EM survey was run using the GPS system with the light bar to provide line locations and
spacing.

Data were recorded on an Allegro handheld ruggedized field computer (Windows CE) running
HGIS software from StarPal of Fort Collins, Colorado.

In the vicinity of the railroad grade, down both embankments and across the railroad grade, a
conventional staked grid was established as described in Section 2.1, Survey Control.  Data were
acquired in the discrete reading mode at a two-meter spacing, pacing distances between the 10-
meter staked intervals.

EM data points are shown on Figure 3 and the EM data plots are provided in Appendix A,
Figures A3 and A4.

EM data were not acquired in the two fenced paddocks on the southern border of the project
area, as they were occupied by several horses at the time of the survey.  MAG data were
acquired in those areas.
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R&M Consultants, Inc. Maintenance Dock Site 3, EAFB, Alaska4

3.0  DATA PROCESSING

Magnetic (MAG) and electromagnetic (EM) data were gridded and contoured using the Geosoft
Data Processing and Analysis software system.  Color contour data plots are included in
Appendix A.

As with the data acquisition, data processing was essentially the same as the previous
geophysical surveys for the Alaska District (Hangar 10, October, 2001; Child Development
Center, January, 2001 and the Kenai Civil Air Patrol Hangar, January, 2001).  However, there
were some additional complications in processing the EM in-phase data as set forth in Section
3.3, below.

3.1  Magnetic Field Data

Magnetic data are displayed on two figures, one plot of the analytic signal (Figure A1) and the
other plot of the vertical gradient (Figure A2).  The analytic signal is our preferred presentation
as it provides a simplified signature and better resolution of the anomalous areas than
unprocessed field data.  A high in the analytic signal occurs directly over the magnetic “source.”
The analytic signal is discussed in the following section (Section 3.2).

The vertical gradient is measured by taking the difference in the magnetic field as measured by
two sensors spaced 0.5 meters apart, one above the other.  Anomalies will have both high and
low values associated with them.

3.2  Analytic Signal

The analytic signal is derived from the total magnetic field data.  It is presented here as a more
concise display of that data set.  On the color contour plot (Figure A1) values of the analytic
signal below a threshold value are not colored (i.e., are white) and represent areas where little
or no metallic material may be present. Higher amplitude anomalies generally indicate
"stronger" source objects.  A "stronger" source object may be more magnetic (generally a larger
mass of steel), or it may be closer to the surface, or both.  The amplitudes of the anomalies also
depend upon the orientation of the source objects in the earth's magnetic field.  This is especially
true for elongate bodies such as pipes and cables.

The analytic signal is defined as the amplitude of the gradient vector of the total magnetic field
data.  The gradient (rate of change) of the total magnetic field is a vector field.  The analytic
signal is the magnitude of that vector, or the rate of change in the direction of maximum rate of
change.  The color contour plot shows the amplitude of the gradient.
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Mathematically, the analytic signal can be expressed as:

where:
A   is the analytic signal,
M   is the observed total magnetic field, and

  is the partial derivative operator.

Derivatives are calculated in the frequency domain, from the gridded total field data.

Further discussion of the concept of the analytic signal can be found in the following publication:

Roest, W.R., Verhoef, J., and Pilkington, M., 1992, "Magnetic interpretation using the
3-D analytic signal:"  Geophysics, vol.57(1); p.116-125.

3.3  Electromagnetic Data

Both quadrature (conductivity) and in-phase EM data were recorded in the field.  Generally, in-
phase data are more sensitive to metallic objects.  Appendix B includes a discussion of these two
measured parameters of the EM response.  Plots of both data sets are included in Appendix A.

Generally, the ground conductivity was very low, 3 to 5 millisiemen/meter (mS/m).  Hence, any
deviation, positive or negative, from that background indicates the presence of a metallic
conductor or anomalous ground.  Likewise, the background in-phase response is -0.5 to 0.5 and
any deviation, positive or negative, from that background indicates the presence of a metallic
conductor.

In-phase response is very sensitive to instrumental drift, and the DC base level may vary
somewhat during the day, particularly when the temperature fluctuates during the survey.
Hence, the in-phase data were gridded in several sections, corresponding to data collected at
differing times throughout the three days of data acquisition.  Those grids were then “detrended”
to level them to the same background value and then merged together.  This process does not
affect the interpretation, because that process relies on anomalous readings which differ from
the background level.  However, there are some North/South linear features in the data plot
shown as Figure A4, “EM31 In-phase Response”, which are artificial trends introduced by the
grid merge process.
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4.0  RESULTS AND INTERPRETATION

EM and magnetic data plots are included in Appendix A.  The interpretation of those data, in
terms of possible locations of buried objects, foundations, and utilities, is summarized in Figure
3 and discussed below.  The anomaly designations (A through U) in the following sections refer
to anomalies identified on Figure 3, Geophysical Interpretation Summary.

This site is a active riding stable for base personnel.  The site was generally well kept, without
a lot of surface debris.  However, as with any farm yard there are numerous items and
equipment scattered across the site.  There are also numerous utilities.  Hence, the eastern
portion of the site is a very “busy” site, with numerous geophysical anomalies from surface
materials, utilities, and small shallow buried debris.

Anomalies A, B1 through B3, and C1 through C8 are not associated with any features we have
identified, and hence classified as “unknown anomalies.”  Anomalies F1 through F3 are
associated with fences.  Anomalies S1 through S5 are associated with surface structures or
objects.  Anomalies U1 through U12 are associated with known or suspected utilities.  These are
discussed below.

4.1  Unidentified Anomaly A, Western Field 

“Anomaly A” is a strong anomaly on the west side of the site, 100 to 150 meters east of the
southern end of Runway 33.  This is in the middle of a mowed field with no obvious surface
expression, although the air photo (provided with the RFP) shows it as a disturbed area.

This anomaly has a magnetic response over a restricted area (10 meters x 15 meters), indicative
of a buried metallic object.  A much broader EM quadrature phase (conductivity) anomaly is
present together with a weak in-phase anomaly.  The EM response is more indicative of an area
of elevated soil conductivity than of a buried metallic object.

4.2  Small Railroad Embankment Anomalies B1 through B3

Anomalies B1, B2, and B3 are small MAG anomalies on the embankment to the east of the
railroad grade.  These anomalies are each detected on only one survey line, indicating they have
limited lateral extent.  That is consistent with the small or absent EM response.  These anomalies
are characteristic of scattered debris which is often found on a wooded embankment in areas of
wide-ranging human activities.

4.3  Scattered Magnetic Anomalies C1 through C8

4.3.1  Anomalies C1 through C4

Anomalies C1 through C4 are magnetic anomalies on the west side of the oval arena,
near or on Truemper Loop Road.  These anomalies may be due to unidentified surface
debris, although none was noted during the course of the survey.  Some debris was noted
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along the arena fence, although it does not clearly correlate with the geophysical
anomalies.  The fence itself (or conduits and overhead power lines associated with the
fence) produces a noticeable anomaly (F3).  Small (drum sized) buried debris cannot be
ruled out as a cause for anomalies C1 through C4.

4.3.2  Anomaly C5

Anomaly C5 is a MAG anomaly in the center of the northern circular paddock.  The data
indicates a magnetic response in the center of the steel fenced area which is distinct from
the response due to the fence.  There is no surface indication of a cause for this anomaly.
It has limited lateral dimensions, and perhaps no more than a discarded horse shoe(s) or
similar debris.

4.3.3  Anomalies C6 and C7

These anomalies are near the northwest corner of the large rectangular paddocks on the
south side of the project area.  The fence is a plastic fence, but has undergone numerous
repairs which may include the installation of steel posts and/or fence sections.  The
power pole near Anomaly C6 has a conduit extending underground leading us to suspect
underground utilities in this area.  Anomaly C7 may be associated with the fence but
extends to the north, indicative of shallow buried materials.

4.3.4  Anomaly C8

Anomaly C8 is in the wooded area north of the power line at the northeast corner of the
site.  The anomaly is associated with an excavated area amid scrub vegetation.  The
geophysical signature is not that of a typical “landfill” debris but may be due to scattered
material remaining from the removal of larger objects and/or debris.

4.4  Fence Anomalies F1 through F3

Anomalies F1 through F3 are associated with riding arena fences.  F1 and F2 correspond to
circular arenas with movable steel fence sections.  They have strong EM and MAG anomalies.
There are also bleachers on the north side of the northern arena (F2), hence the anomaly extends
to include them.

Anomaly F3 corresponds to the large oval riding arena.  While that arena has a wooden fence,
there are conduits and/or wires attached to most of the fence, causing an EM anomaly.  There
are also overhead power lines above much of the fence, and some small metallic objects
scattered along the fence.
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4.5  Monitoring Well Anomaly MW

This anomaly is associated with the steel guard casing on Monitoring Well 807WL01 on the west
side of the site, 17 meters northwest of the “corner” marker NGA11.

4.6  Structure or Equipment Anomalies, S1 through S5

4.6.1  Stable Facilities, Extended Anomaly S1

The area of most equestrian and vehicle activity, south of the main building (Building
8659), south of the Quonset hut (Building 8663) and surrounding the storage barn
(Building 8661), gave a very chaotic response and we are unable to resolve anything in
that area.  There is also a power transformer in that area and several underground utility
lines.

4.6.2  Scout Cabin, Extended Anomaly S2

The Boy Scout cabin area also is an area of extended geophysical anomalies arising from:
1) the wood frame cabin, 2) the storage areas to the rear (east) surrounded by a cyclone
fence, 3) a boat and trailer to the north, 4) flagpole, and 5) other items in front (west) of
the cabin.  There are also several underground utilities leading to the building.  Hence,
the geophysical survey could not resolve individual anomalies within that area, and any
tank or drums in that area might not be identified.

4.6.3  Arena Judges Stand, Anomaly S3

This anomaly corresponds to the wood frame judges stand/press box structure for the
large oval ridding arena.  Immediately north of that structure was a “drag harrow” for
smoothing the arena.  The drag harrow was constructed of cyclone fencing and steel
poles laid flat on the ground to be towed by a vehicle.

4.6.4  Dumpsters, Anomalies S4 and S5

Two dumpsters, each approximately 2 meters square, cause large MAG and EM
anomalies.  One dumpster is at the northeast corner of the oval riding arena and the other
is in the parking area west of the scout cabin.

4.7  Utility Anomalies, U1 through U12

Anomalies U1 through U12 correspond to known or suspected utilities.  These are long linear
EM anomalies, often with an associated MAG anomalies.  Steel pipelines (e.g., water and sewer)
will have MAG and EM anomalies whereas power or communication cables will have an EM
anomaly with no associated MAG anomaly.  

J4ENEMAG
NEW FUEL SYSTEMS MAINTENANCE HANGAR                                                         ELM179DACA85-02-R-0009, AMENDMENT R0016

J4ENEMAG
               APPENDIX 4A            Page 13



01-06 (FINAL) Geophysical Site Investigation, New Fuel Systems

R&M Consultants, Inc. Maintenance Dock Site 3, EAFB, Alaska9

Overhead cables can cause a weak EM anomaly.  Anomaly U8 is associated with an overhead
power line.  However, the strength of that anomaly leads us to suspect the presence of a buried
utility in that right-of-way.

No surface indication was noted for anomalies U5, U9, U10, and U11.
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5.0 CLOSURE

Geophysical surveys performed as part of this survey mayor may not successfully detect or
delineate any or all subsurface objects or features present. Locations, depths, and scale of
buried objects or subsurface features mapped as a result of this survey are a result of geophysical
interpretation only, and should be considered as confirmed, actual, or accurate only where
recovered by excavation or drilling.

R&M Consultants, Inc. and Northwest Geophysical Associates, Inc. performed this work in a
manner consistent with the level of skill ordinarily exercised by members of the profession
currently practicing under similar conditions. No warranty, express or implied, beyond exercise
of reasonable care and professional diligence, is made. This report is intended for use only in
accordance with the purposes of the study described within.

Very truly yours,

R&M CONSULTANTS, INC.

qL»-:, ~ ./
Charles H. Riddle, C.P .G.
Vice President

NORTHWEST GEOPHYSICAL ASSOCIATES, INC.

t / r!~-L--~~~""C-JI'-~ -' ~ .
! Rowland B. French, R.P.G.

Vice President

CHR:RBF:rh

,
!

OI-{Kj (FINAL) Geophysical Site Investigation, New Fuel Systems
R&M Consultants, Inc. 10 Maintenance Dock Site 3, EAFB, Alaska
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APPENDIX A
GEOPHYSICAL DATA PLOTS

Magnetic Analytic Signal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Figure A1
Magnetic Vertical Gradient . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Figure A2
EM31 Apparent Conductivity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Figure A3
EM31 In-Phase Response . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Figure A4
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APPENDIX B
TECHNICAL NOTE:

Geophysical Detection of Buried Objects
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DISCUSSION OF GEOPHYSICAL TECHNIQUES

GEOPHYSICAL DETECTION

OF BURIED OBJECTS

Various geophysical techniques are used
for locating buried objects such as
underground storage tanks, pipes, utilities,
drums and other debris. These techniques are
now used routinely, and are often
recommended or required by the EPA, on
sites where underground burial of steel
drums or other debris may have occurred or
where underground storage tanks are
suspected.  Geophysics is generally used in
the early reconnaissance phase of these
investigations as a guide to sampling,
excavation and/or placement of monitoring
wells.

UTILITY OF GEOPHYSICS:

First, a few words about "geophysics" as
used for environmental and geotechnical
engineering applications.  Surface
geophysical techniques probe subsurface
materials (soils and rock) using surface
instruments.  This is done by measuring
physical signals which have interacted with
the earth materials.  These signals may be
electrical, magnetic, acoustic (seismic) or
electromagnetic.

Surface geophysics offers several
advantages over other exploration
techniques:

1) Surface geophysical methods are "non-
intrusive" in that they do not disturb the
ground surface, or stir up any contaminants
which might be in the soil.

Geophysical methods measure earth
properties over a large volume.  Whereas
drilling only samples the earth at the point of
the borehole, the measured geophysical
response is affected by earth materials
several feet, or tens of feet, away from the
instrument sensor.  This allows broad areas
to be effectively "screened" with a series of
surface measurements.

3) Most geophysical equipment used in
environmental and geotechnical applications
can be hand carried.  Geophysical surveys
do not require vehicular access, but only a
walking path, clear of brush and obstacles.

4) Geophysical surveys are relatively
inexpensive and can be performed quickly.

TYPICAL OBJECTIVES:

Geophysics may be used in either the
reconnaissance mode, or in a detailed survey
mode.  In the reconnaissance mode,
geophysics is used to "screen" large areas to
determine the presence or absence of buried
objects. In more detailed surveys, the
location and extent of the object is mapped
in greater detail.  This facilitates the efficient
excavation of tanks or debris, aids the
effective placement of monitoring wells, or
improves the design of a sampling program.

The techniques discussed here are also
useful for objectives other than identifying
buried objects.  Electromagnetic induction
(EM) is especially useful in mapping changes
in soil (e.g. sand or gravel channels),
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mapping clay aquitards and mapping
contaminant leachate plumes in groundwater.
GPR can be used to map shallow
stratigraphy or to map zones of disturbed
soils.

GEOPHYSICAL METHODS:

Three geophysical methods are
commonly used in the search for buried
objects:  1) electromagnetic induction (EM),
2) magnetic techniques, and  3)  ground
penetrating radar (GPR).  EM and magnetics
are complementary methods, most effective
in the reconnaissance mode but also useful
for more detailed work.  GPR is most
effective for detailed work, but may also be
used in reconnaissance surveys.

Electromagnetic Methods:

The electromagnetic induction (EM)
technique measures the electrical
conductivity of the earth by inducing an
alternating electric current in the earth.  This
technique was developed to measure natural
soil conductivity to aid in identifying soil
types and to measure rock conductivity in
order to identify zones of conductive
mineralization.

Man-made metallic objects are generally
orders of magnitude more conductive than
natural soils.  Thus, the electric currents
induced in the ground by EM instruments
will be dramatically affected by the presence
of any man-made metallic object.  Examples
include pipes, tanks, cables, concrete
reinforcing steel, or steel drums.  By looking
for anomalous signals which cannot be
attributed to natural soils, buried metallic
objects can readily be identified.

The Geonics EM-31 is the most
common EM instrument used for buried

object detection.  The upper left photo on
the cover shows the EM-31 in a field
situation.  A transmitter coil is in one end of
the boom and a receiver coil in the other end.
Depth of investigation is generally 10-15
feet, but the EM-31 may detect large metal
objects at a somewhat greater distance.  The
instrument can quickly cover a wide area,
mapping anomalous areas (metallic object
locations) as well as changes in the soil
character.

Figure 1 shows some sample data over a
disposal site where 55 gallon steel drums had
been dumped on the edge of a bluff and then
covered with soil, extending the bluff for
tens of feet (cross hatched block in Figure
1).  The noisy and/or negative "apparent"
conductivity is a clear indicator of metallic
objects.  The EM-31 also records an "in-
phase response" which aids in identifying
metallic conductors.  Data in Figure 1
indicate the zone of burial extends from 560
feet to 940 feet along the line of the profile.

Magnetic Methods:

Magnetic methods measure disturbances
in the earth's natural magnetic field.  These
disturbances are caused by magnetic
materials, either magnetic rocks, or man
made objects containing iron or steel.  Most
soils have negligible magnetization (both
induced and remanent).  Thus, most
magnetic disturbances from shallow sources
can be attributed to iron or steel objects
which have been placed there by man's
activities.
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FIGURE 1

SAMPLE EM & MAGNETIC PROFILES
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Magnetometers used for buried object
detection usually measure the gradient of the
magnetic field.  This is done by measuring
the difference between the magnetic field at
two sensors separated vertically by two or
three feet.  This configuration is more
sensitive to nearby disturbances, and is less
effected by disturbances caused by distant
objects or shallow bedrock.

The upper right photo on the cover
shows a magnetometer/gradiometer.  This
instrument can also cover wide areas quickly,
providing complementary data to the EM.
Figure 1 includes total magnetic field data
and gradiometer data over the barrel disposal
area. The large deviations in both total field
and gradient are indicative of steel objects in
close proximity.

Ground Penetrating Radar:

Ground penetrating radar (GPR), like
other radar techniques, sends out an
electromagnetic pulse (radio wave or
microwave) which is reflected off a "target"
and returns to the receiver.  GPR operates at
lower frequencies (80-500 MHz) than other
radar to obtain better penetration in the earth
materials.  The antenna is pulled slowly
along the ground surface to produce a
continuous subsurface profile.

The lower photo on the cover shows a
GPR unit in operation.  The 500 MHz
antenna shown is being pulled along the
sidewalk.  The control and recording unit, on
the tailgate of the truck, is powered by a 12
volt automobile battery.

Figure 2 is an example GPR profile over
a shallow pipe.  The vertical scale is a time
scale, giving the time for the radar pulse to
travel down to the reflector and return to the
receiver.  Knowing the pulse velocity in the
soils, we can convert this to depth.  The
horizontal scale corresponds to distance
along the surface.  Fiducial time marks on
the record are placed at ten foot intervals.
The pipe reflector shown appears as a
hyperbola on the record.  The pipe produces
a strong reflection with a characteristic
ringing of the electronics, which appears as a
dark band below the first arrival from the
pipe.

GPR is a tool for looking at selected
areas in detail.  Its continuous subsurface
profiles give a graphic portrayal of
subsurface conditions, and often provide an
excellent means of accurately locating pipes
and tanks.  However, the GPR depth of
exploration is strongly dependent on soil
conductivity and subsurface conditions.  In
dry, sandy soils useful data may be obtained
from depths down to 15 feet, whereas in
conductive clay soils, investigation depth is
often limited to two or three feet.

DISCUSSION:

As we have stressed, EM and magnetics
are effective in screening large areas quickly
to identify areas where buried objects may be
present.  Often these techniques can provide
a rough estimate of the size and depth of the
object causing the anomalous readings.

The major limitation of these two
techniques is their sensitivity to "cultural
noise".  Buildings, fences, metallic surface
debris, and vehicles all create cultural noise.
The EM and magnetic instruments respond
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FIGURE 2

SAMPLE GPR PROFILE

to any metallic objects, whether buried or in
plain view above ground.  Thus, areas within
20 to 40 feet of buildings, vehicles or
pipelines will be masked by the strong
response from those objects.  EM and
magnetics will not be able to definitively
identify other buried objects within that
masked zone.

GPR on the other hand is fairly immune
to those forms of cultural noise.  The radar
signal is confined to a broad beam, spreading
at roughly a 45° angle, beneath the antenna.
Most antennas are well shielded with little
upward propagation of the pulse.  Thus GPR
can be run next to buildings, fences and
parked vehicles.  GPR may be run inside
buildings and even over reinforced concrete.
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Because the GPR beam is directional, it
does not have the same utility as a
reconnaissance tool as the EM and
magnetics.  Whereas the latter techniques
would readily detect a large tank 10 or 20
feet off the survey line, GPR would not
detect the tank unless the survey line passed
directly over the tank.

No geophysical technique should be
used without some form of "ground truth" by
drilling, excavation, or some other form of
sampling.  The geophysical signature of an
underground storage tank may be very
similar to that of a buried automobile.
However, geophysics can eliminate random
drilling or extensive excavation when
searching for underground tank or other
materials.

To conclude, EM, magnetic and GPR
techniques are effective, complimentary
techniques used in the detection and
delineation of subsurface metallic objects.
The choice of technique or techniques
depends very much on both site conditions
and the survey objective.
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4-14.2 Blank Added . . . . . . . . . . . . . . . . . 1
4-15 - 4-22 . . . . . . . . . . . . . . . . . . . . . . . . . 0
5-1 - 5-8 . . . . . . . . . . . . . . . . . . . . . . . . . . . 0
5-9 - 5-10 . . . . . . . . . . . . . . . . . . . . . . . . . . 1
6-1 - 6-3 . . . . . . . . . . . . . . . . . . . . . . . . . . . 0
6-4 - 6-6 . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
6-7 - 6-8 . . . . . . . . . . . . . . . . . . . . . . . . . . . 0
6-9 - 6-11 . . . . . . . . . . . . . . . . . . . . . . . . . . 1
6-12  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0
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v/(vi blank)

SAFETY SUMMARY

1.  GENERAL SAFETY INSTRUCTIONS.

This manual describes physical and chemical processes which
may cause injury or death to personnel or damage to equipment
if not properly followed. This safety summary includes general
safety precautions and instructions that must be understood and
applied during operation and maintenance to ensure personnel
safety and protection of equipment. Prior to performing a task,
the WARNINGs, CAUTIONs, and NOTEs included in that
task shall be reviewed and understood.

2.  WARNINGS, CAUTIONS, AND NOTES.

WARNINGS and CAUTIONS are used in this manual to high-
light operating or maintenance procedures, practices, condi-
tions or statements which are considered essential to protection
of personnel (WARNING) or equipment (CAUTION). WARN-
INGS and CAUTIONS immediately precede the step or proce-
dure to which they apply. WARNINGS and CAUTIONS
consist of four parts: heading (WARNING or CAUTION), a
statement of the hazard, minimum precautions, and possible
result if disregarded. NOTES are used in this manual to high-
light operating or maintenance procedures, practices, condi-
tions or statements which are not essential to protection of
personnel or equipment. NOTES may precede or follow the
step or procedure, depending upon the information to be high-
lighted. The headings used and their definitions are as follows.

Operating procedures or practices which, if not cor-
rectly followed, could result in personnel injury or
loss of life.

Operating procedures or practices which, if not strict-
ly observed, could result in damage to or destruction
of equipment.

NOTE

Operating procedures or conditions which are essen-
tial to highlight.

3.  REPORTING OF HAZARDS.

Any potential hazard shall be reported to supervision. Exam-
ples of hazards that should be reported are:

• Glowing or crackling fuel.

• Visible areas or sparks from any source.

• Electrical shocks to personnel.

• Aircraft with defective grounding/bonding receptacles.

4.  RECOVERABLE PRODUCTS.

Recoverable products resulting from ground handling and ser-
vicing of aircraft will be handled in accordance with federal,
state, and local pollution control laws. Refer to AFI 23-502,
Recoverable and Unusable Liquid Petroleum Products, and
TO 42B-1-23, Management of Recoverable and Waste Liquid
Petroleum Products. Fuel or oil spills will be reported to the
base fire department and the civil engineering pollution control
response team as required by local directives.

5.  SYSTEM SAFETY ENGINEERING ANALYSIS
(SSEA).

An SSEA is a detailed engineering review of an operation. It
includes failure modes and effects analysis, criticality assess-
ments, and hazard analyses as outlined in MIL-STD-882.
These analyses consider the weapon system, the support equip-
ment, and the personnel interfaces. An SSEA is used to estab-
lish the degree of risk involved in a new procedure. Any
change to the approved hot refueling or concurrent servicing
listed in this technical order, or the addition of new procedures,
require HQ AFMC/SES approval. Refer to AFI 91-202 or con-
tact HQ AFMC/SES for an explanation of policies, responsi-
bilities, authority, and administrative steps necessary to request
an SSEA.
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CHAPTER 1
INTRODUCTION

1.1  PURPOSE.

This technical order provides guidance to help minimize
injury and property damage mishaps associated with aircraft
ground servicing operations and other allied support functions
accomplished concurrently with ground servicing. Addition-
ally, this technical order provides information on the nature of,
and methods to minimize electrical hazards associated with
servicing operations.

1.2  SCOPE.

This technical order applies to all USAF aircraft ground ser-
vicing operations as well as servicing of non-USAF aircraft
when performed at USAF or non-USAF installations by
USAF personnel, or under USAF control. Excluded is the ser-
vicing of air launched missiles and stores. Where procedures
in this technical order conflict with Mission/Design/Series
(MDS) specific technical order procedures, the MDS specific
technical order shall take precedence. Technical order changes
are submitted in accordance with TO 00-5-1.

1.3  RESPONSIBILITIES.

Commanders, managers, and supervisors shall insure that all
aircraft servicing personnel under their supervision are knowl-
edgeable of requirements in applicable directives and technical
orders, proficient in accomplishing servicing operations and
exercise safe practices during ground servicing operations.

1.4  DEFINITIONS.

The following definitions apply in regards to the text of this
technical order.

• Shall and Will - Indicate mandatory requirements. Will 
is also used to express a declaration of purpose.

• Should - Indicates a preferred method of accomplish-
ment.

• May - Indicates an acceptable or suggested means of 
accomplishment.

1.4.1  Aircraft Fuel Servicing.  The movement of fuel to or
from an external source to or from an aircraft, including the
time during which fueling connections and disconnections are
made (bond wires and nozzles). This also includes checks
made to verify fuel quantity and time to clean up or neutralize
any spilled fuel.

1.4.2  Aircraft Servicing Supervisor.  The person responsi-
ble for the aircraft fuel servicing operations. The individual
shall be task trained and certified as required by the Career
Field Education and Training Plan (CFETP) and any other
MAJCOM or local maintenance/training directives.

1.4.3  Bonding.  Electrically connecting two or more compo-
nents of a system to equalize voltage potential.

1.4.4  Cathodic Protection.  A means of protecting metals
from corrosion by making the metal the cathode of an electro-
lytic cell. Pipelines, tanks, and steel piers (wharves) are often
protected in this manner.

1.4.5  Chief Servicing Supervisor (CSS) (Chapter 5).
The person responsible for on-site supervision of all aspects of
concurrent fuel servicing operations. The individual shall
receive familiarization training on safety requirements and
potential hazards of concurrent servicing operations and be
certified as required by MAJCOM and local maintenance/
training directives.

1.4.6  Concurrent Servicing (Commercial, Contract,
Cargo, Passenger Aircraft).  The simultaneous servicing of
fuel or oxygen with either passengers on board or the perfor-
mance of minor maintenance, fleet servicing, or baggage or
cargo loading/ unloading.

1.4.7  Concurrent Servicing Area.  The area within an
imaginary circle around the aircraft that includes the fuel ser-
vicing safety zones and extends at least 10 feet outboard of the
aircraft wingtips, tail, and nose.

1.4.8  Concurrent Servicing Operations (CSO) (Sortie
Generation Operations).  The simultaneous loading/unload-
ing of munitions, fueling, aircraft reconfiguration, and may
include aircraft -6 inspections, and other aircraft servicing.
Other servicing may include oil, nitrogen, and hydraulic fluid.
Oxygen servicing will not be accomplished during fuel servic-
ing.

1.4.9  Concurrent Servicing Supervisor (CSS) (Sortie
Generation Operations).  The person responsible for on site
supervision of all aspects of fuel servicing, munitions loading/
unloading, and aircraft reconfiguration while being performed
concurrently. The individual shall receive familiarization train-
ing on safety requirements and potential hazards of concurrent
servicing operations and be certified as required by
AFI 21-101, MAJCOM, and local maintenance/training direc-
tives.

1-1
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1.4.10  Deadman Control.  An electrically, hydraulically,
mechanically, or pneumatically operated switch or valve
requiring continuous positive hand pressure by the operator to
maintain fuel flow. Releasing the positive hand pressure stops
fuel flow.

1.4.11  Defueling.  The movement of fuel from an aircraft to
an external source.

1.4.12  Flashpoint.  The lowest temperature at which vapors
arising from fuel will ignite (momentarily flash) on applica-
tion of a flame or spark.

1.4.13  Fuel Servicing Hose.

1.4.13.1  Soft (Collapsible) - Rubber hose conforming to
MIL-H-26521, flexible, capable of being completely flattened
and coiled for ease of storage and handling.

1.4.13.2  Semi-hard (Noncollapsible) - Rubber hose con-
forming to MIL-H-6615 and MIL-H-370, braided, loomed, or
plied reinforcement, not capable of being coiled easily.

1.4.13.3  Hard (noncollapsible) - Rubber hose conforming
to MIL-H-27516 and MIL-H-26894, braided, loomed, or plied
reinforcement with a steel spiral wire wound between rein-
forcing members.

1.4.14  Fuel Servicing Safety Zone (FSSZ).  The area
within 50 feet of a pressurized fuel carrying servicing compo-
nent, i.e., servicing hose, fuel nozzle, Single-Point Receptacle
(SPR), hydrant hose cart, ramp hydrant connection point, etc.,
and 25 feet around aircraft fuel vent outlets.

1.4.15  Fuel Servicing Vehicle.  A mobile self-propelled
vehicle designed with a power take-off and filter separator to
transport, receive, and dispense fuel. The most common type
of fuel servicing unit in the Air Force inventory is R-11.

1.4.16  Fuel Spill.  Dripping, splashing or overflow of fuel.
The fuel spill classifications are:

1.4.16.1  Class I spills involve an area less than two feet in
any plane dimension (direction). Using agency fireguards,
determine if these spills create a fire hazard to the aircraft or
equipment. Generally, these spills need only be monitored
until the aircraft is dispatched.

1.4.16.2  Class II spills involve an area not over 10 feet in
any plane dimension (direction), or not over 50 square feet and
not of a continuing nature. Post the area, using agency fire-
guards, and immediately notify the fire protection organization
and the base agency responsible for cleanup of hazardous
spills.

1.4.16.3  Class III spills involve an area over 10 feet in any
plane dimension (direction) or over 50 square feet in total area
or of a continuing nature. Post the area, using agency fire-
guards, and immediately notify the fire protection organization
and the base agency responsible for cleanup of hazardous
spills. These conditions shall be considered a ramp mishap
(accident or incident). The senior fire official will respond
with the personnel, vehicle(s) and equipment necessary to con-
trol and contain the hazardous condition until the local/base
agency responsible for cleanup can properly dispose of the
hazardous material(s).

1.4.17  Flow Through Revetment (FTR).  An open ramp
parking area with protective earth filled steel walls several feet
thick designed to protect the aircraft. 

1.4.18  Grounding (Electrostatic).  A path or means to
remove any electrostatic charge buildup on a conductive
object by connecting that conductive object to earth.

1.4.19  Hose Cart (MH-2 Series).  A trailer-mounted unit
containing a filter separator, meter, hoses, and nozzles for con-
necting the hydrant outlet to the aircraft. It may be used with
the Type II system or Type I modified system. It may be
equipped with a Y-adapter to permit refueling two aircraft at
the same time. It may also be used to refuel commercial air-
craft requiring simultaneous servicing into both wings.

1.4.20  Hot Pad Refueling Supervisor.  A person (five-
level or higher) with overall supervisory responsibility for
simultaneous hot refueling operations.

1.4.21  Hot Refueling/Defueling.  The transfer of fuel into
or out of the fuel tanks of an aircraft with one or more aircraft
engine operating.

1.4.22  Hot Refueling/Defueling Area.  The area within 50
feet of a hot refueling/defueling operation. Refer to Table 3-2
for specific requirements.

1.4.23  Hydrant Hose Truck.  A self-propelled aircraft fuel
servicing unit capable of dispensing up to 1200 GPM,
equipped with inlet and discharge hoses, meter, filter/separa-
tor, various pressure and flow control valves, and safety
devices.

1.4.24  Hydrant Operator.  A person (AFSC 2F0X1) who
activates electrical and/or magnetic switches and valves neces-
sary for fuel to flow from the hydrant system to the aircraft on
the Type I, Type II, Type III, and Type IV hydrant systems.
Operates hydrant hose truck, hose cart, or pantograph. The
Type IV operator is positioned at the control pit, maintains
visual contact with all crew members, monitors pressure
gauges and the meter in the hydrant pit. In an emergency or
upon signal from the aircraft refueling or pad-refueling super-

1-2
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visor, they activate the emergency electrical shutdown switch
and the fire suppression system.

1.4.25  Hydrant Outlet.  A fueling valve located on the park-
ing ramp where the fuel hose or hose cart is connected.

1.4.26  Intrinsically Safe Radio.  A radio incapable of caus-
ing ignition of a mixture of flammable or combustible material
in the air in its most easily ignitable concentration. This radio
is suitable for use in Class I, Division 1 (Zone 1), Group D
hazardous areas in which fuel vapors exist. The radio must
contain a label reflecting compliance with NFPA 70 for use in
Class I, Division 1 (Zone 1) locations. Radios built according
to Military Standard 810 meet the intrinsic safe requirements
of NFPA 70.

1.4.27  Lateral Control Pit.  An area below ground level
adjacent to the parking ramp containing components of the
hydrant system and controlling one or more hydrant outlets.

1.4.28  Lateral Control Pit Switch.  An on/off explosion
proof switch, usually located at the hydrant control pit.

1.4.29  Lateral Control Pit Emergency Switch.  A switch
located at the control pit which overrides all other on/off
switches and shuts down the entire hydrant system. Type II
hydrant systems also have an emergency switch at each outlet.

1.4.30  Liquid Oxygen (LOX) Servicing Safety Zone.  The
area within 20 feet of pressurized LOX servicing equipment,
servicing hose, aircraft servicing connection point or vents.

1.4.31  Pantograph.  A fuel servicing system consisting of
multiple rigid sections of tubing interconnected by articulating
and swivel couplings with fuel flow controlled by a deadman
switch.

1.4.32  Ramp Grounds.  Ground rods used on ramps or
aprons for protection against stray electrical currents, electri-
cal faults, lightning, and static electricity.

1.4.33  Rapid Defueling.  A means to rapidly off load fuel
from aircraft either by operating an outboard engine or exter-
nal hydraulic test stand to power on-board refueling pumps.

1.4.34  Refueling.  The movement of fuel from an external
source to an aircraft.

1.4.35  Remote Control Fuel Switch.  A portable pushbut-
ton on/off explosion-proof switch attached to the hydrant out-
let by an insulated, flexible control cable and used to start and
stop fuel flow. This may also be a magnetic switch with a
lanyard.

1.4.36  Servicing Crew Member.  A person who performs
duties required by the specific servicing checklist under the
supervision of the oxygen, refuel/defuel supervisor, or chief
servicing supervisor. For C-9 medical evaluation aircraft only,
the Chief Servicing Supervisor (CSS) can also function as the
Refueling Panel Operator (RPO) and the Single Point Recep-
tacle Monitor (SPRM). In this case, a person in AFSC
4NOXX or X8AOO can perform duties as a safety observer in
front of the C-9 aircraft but must be on intercom with the CSS
and the aircrew.

1.4.37  Sortie Generation Operations.  The means and all
actions necessary to generate mission capable fighter aircraft
for peace or war using separate or concurrent aircraft servic-
ing, munitions loading/unloading, aircraft reconfiguration, -6
inspections and procedures. SGOs may include:

1.4.37.1  Aircraft -6 and -6WC inspections with weapons
loading/unloading.

1.4.37.2  Aircraft -6 and -6WC inspections with refueling.

1.4.37.3  Munitions loading/unloading, aircraft reconfigura-
tion, with refueling (CSOs). A CSS is required for concurrent
fueling, munitions loading/unloading, and aircraft reconfigura-
tion.

1.4.37.4  Any or all three operations accomplished simulta-
neously.

NOTE

Electrical “power-on” portions of -6 inspections are
not authorized during concurrent munitions loading/
unloading and fuel servicing operations. Power-on
portions of -6 inspections are accomplished prior to
or upon completion of the concurrent munitions load-
ing/unloading and fuel servicing operation.

1.4.38  Shelters.

1.4.38.1  Aircraft Alert Shelter.  A covered unhardened/
unprotected structure with or without doors from which a mis-
sion ready aircraft can be launched. Aircraft are expected to
start engine within the shelter and taxi out of the shelter under
their own power. Some shelters are designed to allow the air-
craft to taxi in as well. Some shelters provide protection from
the elements, others are complete hangars.

1.4.38.2  Hardened Aircraft Shelters (HAS)/Protective
Aircraft Shelters (PAS).  Refer to Figure 4-1.

1.4.38.2.1  First Generation Shelters.  These shelters have
two manually operated, vertically hinged, prow-shaped,
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recessed, metal aircraft entry doors. Usable floor space is 48
feet by 75 feet.

1.4.38.2.2  Modified First Generation Shelters.  These
shelters have one electrically operated, side opening, roller
supported, prow-shaped, externally mounted, metal aircraft
entry door. Usable floor space is 48 feet by 100 feet.

1.4.38.2.3  Second Generation Shelters.  These shelters
have two electrically operated, side opening, roller supported,
externally mounted, reinforced concrete panel aircraft entry
doors. Usable floor space is 82 feet by 124 feet.

1.4.38.2.4  Third Generation Shelters.  Same as second
generation except usable floor space is 71 feet by 120 feet.

1.4.38.2.5  Protective Aircraft Canopy Shelters (PACS).
These “carport type” shelters have fabric-covered canopies
designed to protect personnel and aircraft from the elements.
They do not have doors or walls.

1.4.39  Supervisory Contractor Representative (SCR).
The person responsible for the control of contractor personnel
involved in concurrent servicing operations, fuel nozzle con-
nection/disconnection, and operation of refueling control panel
on commercial aircraft.

1.4.40  Support Equipment (SE).  All equipment required
on the ground to make a weapon system, command and con-
trol system, subsystem, or end item of equipment operational
in its intended environment.

1.4.41  Switch Loading.  The introduction of a low volatility
fuel such as JP-8 into a tank containing a residue of a higher
volatility fuel such as JP-4, and vice versa.

1.4.42  Transferring of Fuel.  The movement of fuel within
the aircraft internal fuel system. This term also applies to bulk
movement of fuel.

1.5  REPORTING OF HAZARDS.

Any potential hazard shall be reported to local supervision.
Examples of hazards that should be reported are:

a. Glowing or crackling fuel.

b. Visible areas or sparks from any source.

c. Electrical shocks to personnel.

d. Aircraft with defective grounding/bonding receptacles.

e. Fluid leaks, mists, or sprays

1.6  RECOVERABLE PRODUCTS.

Recoverable products resulting from ground handling and ser-
vicing of aircraft/equipment will be handled in accordance
with federal, state, and local environmental directives or laws.
Refer to AFI 23-502, Recoverable and Unusable Liquid Petro-
leum Products, and TO 42B-1-23, Management of Recover-
able and Waste Liquid Petroleum Products. 

1.7  FUEL OR OIL SPILLS.

Fuel or oil spills will be reported to the base fire department
and the civil engineering pollution control response team as
required by local directives. Implement spill control proce-
dures in accordance with local directives
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CHAPTER 2
ELECTROSTATIC HAZARDS

AND STATIC GROUNDING AND BONDING

2.1  INTRODUCTION.

Fire or explosion hazards are always present where fuels are
handled. The grounding or bonding of all conductive parts of
the system are an effective means of controlling hazards cre-
ated by electrostatic energy. Grounding is the process of con-
necting one or more metallic objects and ground conductors to
ground electrodes. Bonding is the process of connecting two
or more metallic objects together by means of a conductor.
Bonding is done to equalize electrostatic potential between
two or more conductive objects.

2.2  ELECTROSTATIC CHARGES.

Static electricity is frequently generated when two materials
are brought into contact and then separated. Removing items
of clothing, dust blowing across a surface, a liquid flowing
through a pipe, and moving vehicles are common means of
producing a static charge. Static electricity has been the igni-
tion source for many petroleum fires. Protection against static
charge buildup is obtained by dissipating static charges
through proper connections to the ground or equalizing static
charges through effective bonding.

2.3  STRAY CURRENTS.

Electrical currents flowing through paths other than their
intended circuits, or any extraneous current in the earth are
stray currents. Since Air Force fixed refueling systems are in
contact with the earth, stray currents sometimes take paths
through the conducting parts of the system. Grounding or
bonding does not eliminate stray currents.

2.4  COMBUSTION.

Combustion requires fuel vapors, air (oxygen), and an ignition
source. Flammable vapors exist over the surface of JP-4 at 
-10ºF and above, and aviation gasoline at -50ºF and above.
Ignition of these vapors can be caused either by a spark or
flame. When the proper ratio of fuel vapor and air is present,
ignition will result in fire or explosion. Energy levels associ-
ated with electrostatic discharges may be sufficient to ignite
fuel vapors.

2.5  ELECTROSTATIC CHARGING OF PERSONNEL.

The normal activity of personnel involved in refueling opera-
tions can generate static electricity charges on their clothing.
Humidity greatly affects the static electricity characteristics of

clothing materials. The lower the humidity, the higher the
electrostatic hazard. Under low humidity conditions, almost all
Air Force issued garments can produce a static charge of suffi-
cient potential to cause a discharge. The wearing of multiple
garment layers in itself does not cause an excessive static
charge to develop. However, never remove any garment while
in the refueling area. Antistatic finishes are not permanent and
are gradually removed by laundering or dry cleaning. In addi-
tion, antistatic finishes are not as effective in low humidity
conditions or at low temperatures. Moisture increases the elec-
trical conductivity of clothing and this is why high humidity
conditions minimize static build-up problems. Body perspira-
tion has the same effect by adding moisture to undergarments
and outer clothing. Insulated foot wear limits the dissipation of
static charges to the ground. Both rubber soles and composi-
tion soles are relatively poor conductors but most have suffi-
ciently low resistances to dissipate static charge. The same is
true for gloves. In most cases, personnel can dissipate static
charges through gloves or soles, but, as an added precaution,
personnel should touch a grounding/bonding point with their
bare hand. Personnel wearing Chemical Warfare Defense
Ensembles (CWDEs) do not need to remove any clothing to
dissipate static buildup. They can adequately ground or bond
themselves directly through the CWDE boot or glove. Cloth-
ing having a surface resistivity of less than 1012 ohms per
square or an inside-to-outside resistance of less than 1010

ohms will dissipate static charges through normal grounding
procedures or equalize static charges through normal bonding
procedures. Many aircraft have avionics Line Replaceable
Units (LRUs) having electronic components that are sensitive
to static discharges. When removing or replacing these units,
personnel should electrostatically equalize themselves with the
aircraft prior to touching the LRUs. The preferred contact/
equalization point is just inside the applicable avionics bay.
When handling or carrying the LRUs, avoid touching any con-
nector pins or jacks because they might be directly connected
to sensitive electronic components. Any connector or jack
caps/covers should be installed whenever the LRUs are dis-
connected from the aircraft. Once the LRUs are in the avionics
shop for repairs, standard safeguards as outlined in MDS spe-
cific technical orders and TO 00-25-235 will suffice to prevent
electrostatic damage.

2.6  TANK FILLING.

During the tank filling process, the electrical potential of the
liquid fuel surface may reach thousands of volts. A spark may
discharge from the surface of the liquid to the internal surfaces
of the tank or any other object in the tank such as piping,
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fittings, or foreign material. If the fuel vapor-air mixture above
the liquid surface is in the explosive range, such a spark will
provide ignition with disastrous results. Objects in a fuel tank
will collect a charge from the fuels and become similar to an
electrical condenser (capacitor) plate. The potential required
for a discharge from these floating objects to the tank is less
than that required to cause a discharge from the liquid surface
to the tank. Therefore, the hazard is greatly increased by the
presence of such objects. The Air Force now incorporates a
conductivity additive to decrease the relaxation time of elec-
trostatic charges in order to preclude these problems. Also, the
use of a higher flash point fuel such as JP-8 or JP-5 in lieu of
JP-4, when permitted by the applicable aircraft technical
orders, reduces the vapor ignition hazard. Research has sug-
gested that if fuel flow is kept below the following maximum
rates, hazardous levels of static electricity charges will not
occur:

NOTE

These limits do not apply for JP fuels having anti-
static additives with at least 50 Conductivity Units
(CU).

Nozzle/Hose/ Gallons/Minute
Pipe Diameter
0.75 inches  32
1.50 inches 125
2.00 inches 191
3.00 inches 260
4.00 inches 385
5.00 inches 542
6.00 inches 693

2.7  LIGHTNING.

Even if an aircraft were statically grounded, a severe hazard to
servicing personnel could exist if lightning strikes the aircraft
or within several hundred feet of the aircraft. Servicing per-
sonnel should be evacuated from the area when there is danger
of a direct or close proximity lightning strike. Personnel inside
an aircraft will be in no danger as long as all aircraft doors,
hatches, and canopies are closed. Potentials in the range of
several million volts exist between clouds and earth. High
points such as vertical stabilizers and antenna masts are most
susceptible to strikes. These strikes are of short duration
(approximately 1/100 second duration per strike) and even
though high energy levels exist, the ramp grounding system
will generally conduct the energy safely to earth. An electrical
storm can be dangerous even if several miles from the servic-
ing area.

2.8  OTHER SOURCES OF STATIC ELECTRICITY.

Operating aircraft engines, rotor blades, and propeller blades,
can generate high static electricity voltages. These static
sources are especially hazardous because the static voltages
may be generated continuously as long as the engines/blades
continue to operate.

2.9  GROUNDING AND BONDING POLICY.

Grounding is not required for parked aircraft or aircraft fuel
servicing operations unless required by specific MDS techni-
cal orders. Aircraft will be bonded to fuel servicing equipment
at all times during fuel servicing operations. Hydrant fuel ser-
vicing vehicles and hosecarts will also be bonded to the
hydrant system in addition to bonding to the aircraft. (This
hydrant-servicing vehicle or hosecart bonding requirement
applies only when the aircraft is not grounded.)

Grounding/Bonding clamps/plugs shall not be al-
lowed to drag across the ramp. Clamps/plugs shall be
carried to reels on equipment.

NOTE

• If the bonding wire becomes disconnected, recon-
nect it immediately. The sequence makes no differ-
ence.

• Bonding is not required for all-metal pantograph,
as long as there is a continuous metal structure
from the fuel servicing equipment to the aircraft.

a. Grounding of aircraft or supporting servicing equipment
during either fuel servicing, Liquid Oxygen (LOX) ser-
vicing, Gaseous Oxygen (GOX) servicing, Liquid Nitro-
gen (LIN) servicing, or Gaseous Nitrogen (N2) servicing
is not required. Recent electrostatic studies have demon-
strated that grounding aircraft or supporting servicing
equipment for these situations is unnecessary. Unless
required by specific MDS technical orders, grounding is
not required for aircraft except when aircraft are:

(1) Undergoing munitions loading/unloading operations.

(2) Undergoing electrostatic painting, bead blasting or
fuel system repair.

(3) Connected to a hangar electrical power source. (This
requirement does not apply to portable ground power
units, including MD/4MO mobile electric power
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units, inside hangars.) Locations with low humidity
may want to ground an aircraft one time after land-
ing to dissipate any static charges generated on the
aircraft while flying through dust or precipitation.
This will be accomplished by momentarily connect-
ing a cable from an earth ground to any unpainted
metallic aircraft surface.

b. Overwing (open port) fuel servicing operations require a
bonding wire between the fuel source and the aircraft,
and a separate bonding wire for each open port fuel
nozzle. The first bonding wire equalizes static charges
that accumulate while fuel is flowing during fuel servic-
ing operations. The second bonding wire prevents a
charged fuel nozzle from creating a spark at the open
fuel port when the fuel nozzle first touches the aircraft.

c. Drop, external, ferry, Benson, and weapons bay fuel
tanks do not need to be grounded when stored, parked,
or during other periods when in-tank work is not being
accomplished.

d. The connecting of more than one grounding/bonding
cable by any means (clamp-to-clamp, clamp-to-handle,
etc.) using any method (stacking, piggy-backing, nose-
to-nose, etc.) is not authorized, except as specified in (1)
or (2) below.

(1) A conversion jumper may be constructed to provide
bonding capability for over-the-wing fuel servicing
nozzles when aircraft to be serviced are not equipped
with electrical jack assembly receptacles. Conver-
sion jumpers will be made from only the parts listed
below and assembled as follows: connect an electri-
cal ground wire rope (cable),
NSN 4010-00-575-6234 or NSN 4010-00-286-2681,
to terminals of a female extension jack,
NSN 5935-00-432-9340; cut electrical ground wire
rope (cable) to length required; place a red warning
streamer, NSN 8345-00-673-9992, on cable and then
install an electrical ground clip,
NSN 5999-00-134-5844 or NSN 5999-00-204-8350
on free end of cable. Perform a continuity check to
make sure conversion jumper is electrically intercon-
nected throughout assembly.

(2) A multiple receptacle junction box may be con-
structed to reduce the number of grounding/ bonding
cables around a work site. The multiple receptacle
junction boxes must be built from a high quality con-
ductive material. The receptacles installed in the
junction box must be female extension jacks,
NSN 5935-00-432-9340. All multiple receptacle
junction boxes will be given a continuity test at the

time of fabrication and at any time afterwards when
a lack of continuity is suspected due to damage or
corrosion. Resistance between the body or frame of
the junction box and the installed female extension
jacks shall not exceed 10 ohms.

2.10  GROUNDING.

The proper connection sequence to ground an aircraft using a
clamp-plug unit is (1) attach a grounding clamp to the earth
grounding point, (2) insert the plug of the other end of the
clamp-plug unit into an aircraft receptacle jack assembly or
attach the clamp of the other end of the clamp-plug unit to an
unpainted metal portion of the aircraft.

2.11  AIRCRAFT INSTALLED ELECTRICAL RECEPTA-
CLES FOR GROUNDING AND BONDING.

Aircraft system managers, in coordination with lead com-
mands, shall ensure applicable aircraft technical orders include
a requirement to inspect aircraft electrical receptacles during
or at appropriate maintenance interval or after receptacle
maintenance. The inspection methods and frequency will also
be included in the specific aircraft technical orders. In the
absence of any inspection methods listed in aircraft technical
orders, receptacles will be inspected and tested in the follow-
ing manner:

a. Visually inspect for loosely mounted receptacles and
evidence of corrosion on washers, lugs, nuts, and the
aircraft skin. There shall be no free axial movement of
the contact tip in the plug due to clearance between the
contact (spring) tip and plug. Free axial movement indi-
cates the contact spring is not maintaining a proper con-
nection with the plug.

b. Inspect and test for electrical resistance as follows:

(1) Electrical resistance between receptacles and clean
aircraft skin shall be one ohm or less on an 815AFA
bridge or equivalent.

(2) A stainless steel plug, part No. MS3493, NSN
5935-00-572-5174, will be inserted into the recepta-
cle jack assembly. Check to ensure it is firmly
seated. Electrical resistance measured between the
plug and cleaned aircraft skin must be one ohm or
less, but not zero. The aircraft technical order is
applicable if it specifies a value less than one ohm. A
clamp, part No. M83413/7-1, may be substituted for
the steel plug on aircraft not equipped with the jack
assembly, part No. MS90298, when attached to des-
ignated grounding lugs on an unpainted part of the
aircraft landing gear.
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(3) A firm pull will be required to withdraw the plug
from the receptacle. Approximate pull will measure
8 - 14 pounds on a spring scale,
NSN 6635-00-578-5286, or equivalent. A pull of
less than eight pounds indicates a weak or damaged
receptacle and will be replaced. A pull of over 14
pounds indicates a possible corroded receptacle
which might warrant replacement.

NOTE

A locally fabricated tool assembly may be used to
assist in resistance test on aircraft installed ground-
ing/bonding receptacles. The assembly consists of a
grounding/bonding plug, NSN 5935-00-572-5174,
grounding/bonding cable, NSN 4010-00-286-2681,
six inches in length, and a wire rope swaging sleeve,
NSN 4030-00-132-9163. Assemble as follows: install
one end of six-inch grounding/bonding cable into
grounding/bonding plug jam nut. Using opposite end
of six-inch grounding/bonding cable, form a loop
ending near grounding/bonding plug jam nut. Secure
loop by placing both ends of grounding/bonding ca-
ble in a wire rope swaging sleeve and crimp. The
loop can now be used as connection point for spring
scale to conduct pull resistance test.

(4) Defective jack assemblies will be replaced with part
No. MS90298 receptacles. Latest assembly has a
one-half inch curved base on contact. Outdated air-
craft jack assemblies which are to be replaced are
one-fourth inch across contact base with two solder
lugs and a right angle bend near the end of contact.

c. After receptacles meet the criteria outlined in step b,
continuity check will be accomplished to assure all are
electrically interconnected through the aircraft airframe
and/or skin. For this test, use a portable static ground-
ing/bonding cable. Resistance of the portable grounding
cable shall be balanced out prior to use. In all cases, the
resistance between receptacles should be one ohm or
less.

2.12  GROUNDING/BONDING HARDWARE.

The following hardware items will be used and inspected as
indicated:

a. Clamp (part No. M83413/7-1 only). Replace clamp if
jaws are deformed, spring is weak, or other defect is
evident that would prevent a good connection.

b. Plug (part No. MS3493 only). Inspect the electrical
ground/bond plug for corrosion, weakness, or loose nut

and replace if heavily dented or deformed, particularly
around the portion which connects with the aircraft
grounding/bonding receptacle.

c. Cable (3/32 inch, NSN 4010-00-286-2681 or
NSN 4010-00-575-6234 only). Replace cable if more
than one-third of the cable wires are broken. If electrical
continuity is suspect, the cable will be checked and
repaired if found to be bad.

NOTE

Deteriorated plastic coating does not affect the elec-
trical capability of the cable.

d. Clamp-Plug Unit. The primary unit used by Air Force
activities consists of a clamp and plug attached to oppo-
site ends of a sufficient length of 3/32-inch cable. The
unused handle of the clamp can be equipped with a
sufficient length of 3/32-inch cable terminating into a
plug. A warning streamer ‘‘REMOVE BEFORE
FLIGHT’’ will be attached to the plug end of the cable.
Other clamp-plug unit configurations may be used as
mission needs dictate as long as specified hardware is
used to construct them. The cable retainer (cap) of the
two-piece plug and cap assembly design may be spot
welded to prevent loosening of the cable and possible
loss of continuity.

e. Locally-fabricated clamp-plug units will be checked
with a multimeter for continuity prior to being placed
into service. The continuity check test points should be
from the inside of clamp jaws to end of plug. A continu-
ity check should be performed any time a lack of conti-
nuity is suspect due to corrosion buildup or damage. A
nominal 100-foot length of 3/32-inch diameter stainless
steel cable will have a maximum allowable resistance of
10 ohms.

f. When grounding is required for bare base operation,
grounding rod, NSN 5975-00-240-3859, will be used.

g. Static Grounding/Bonding Reel Inspection Criteria. All
installed static discharge reels shall be given a continu-
ity test at the time of initial installation and at any time a
lack of continuity is suspected due to damage or corro-
sion. The test will be accomplished by extending the
entire length of the cable and measuring the continuity
between the plug or inside the clamp jaws to the equip-
ment frame on which the reel is mounted. Resistance
between these two points shall not exceed 10 ohms.
Prior to each use, the grounding reel shall be visually
inspected for security of mounting on a rigid base and
evidence of any corrosion or damage.
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2.13  PERSONNEL GROUNDING/BONDING.

Personnel will use grounding or bonding techniques to dissi-
pate or equalize static charges that have accumulated during
ground servicing operations. During an aircraft fuel servicing
operation, a static spark in the wrong place could ignite a fuel
vapor concentration. Fortunately, normal fuel servicing opera-
tions have ignitable flammable vapor concentrations only near
aircraft fuel vent outlets. These vapor concentrations generally
dissipate rapidly to levels that are too lean to be ignited. An
aircraft fuel system failure, however, could result in fuel spill-
ing from vent outlets or from other locations. This increases
possibility of an ignition from a static spark. Therefore, prior
to any fuel servicing or munitions loading/unloading opera-
tion, personnel involved in the operation will ground or bond
themselves to a suitable grounding/bonding point or to a bare
(unpainted) portion of the aircraft. If a spark occurs during the
initial grounding or bonding procedure, then atmosphere con-
ditions are ideal for additional static charge accumulations;
therefore, under this condition, personnel will ground or bond
themselves periodically. If no spark occurs during the initial
grounding or bonding procedure (or other symptoms do not
occur), then additional grounding or bonding is not necessary.
All personnel will avoid grounding or bonding themselves
within three feet of aircraft fuel vent outlets. In addition, per-
sonnel conducting aircraft fuel vent checks will ground or
bond themselves above waist level and at least three feet from
fuel vent outlet prior to checking vent. Weapons loading per-
sonnel will ground or bond themselves when entering fuel
servicing safety zone and before handling electrically-primed
munitions. Always avoid touching the primers of electrically-
primed munitions (i.e., impulse cartridges and 20 MM ammu-
nition). Personnel entering a fuel servicing or weapons loading
area should also ground or bond themselves to the closest
piece of grounded or bonded aircraft or equipment.

2.13.1  CWDE Resistance Tests.  Chemical Warfare
Defense Ensemble (CWDE) resistance tests have shown that
static charges can be effectively dissipated through CWDE
boots or gloves (preferred) which have resistances of approxi-
mately 10,000 ohms. Personnel can ground or bond them-
selves directly through the glove of CWDE or the Joint Fire
Fighters Integrated Response Ensemble; therefore, removal of
any of the ensembles for grounding or bonding purposes is not
required.

2.13.2  Servicing Aircraft with Low Flashpoint Fuels.
When servicing aircraft with low flashpoint fuels (i.e., JP-4,
AVGAS, and Jet B), personnel armor (flak vest) should not be
worn while performing fuel servicing operations except in
actual combat. In all cases (i.e., servicing with any fuel), the
following precautions apply. Flak vest resistance tests have
shown that static charges cannot be effectively dissipated by
normal grounding or bonding procedures. The flak vest is an
electrical insulator with an extremely high resistance. The flak
vest will generate and accumulate a static charge during a
person’s normal movement. This accumulated charge will then
be equalized on the person’s body. When normal grounding or
bonding procedures are used, the charge on the person’s body
will be dissipated or equalized, but the charge on the flak vest
will not. An individual wearing a flak vest will always ground
or bond himself when approaching an aircraft and prior to
beginning work. If no spark occurs during bonding or ground-
ing, then conditions are not present to accumulate a static
charge with sufficient energy to be hazardous; therefore, nor-
mal work may begin. If a spark does occur during bonding or
grounding, the flak vest wearer will ground or bond frequently
during all work phases.
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CHAPTER 3
GENERAL PROCEDURES

3.1  HOUSEKEEPING.

A clean work area makes a safer, more efficient operation.
High standards of cleanliness shall be maintained in the haz-
ardous environment of aircraft ground servicing. Aircraft
parking areas, servicing aprons, fuel-servicing vehicles/equip-
ment, and Support Equipment (SE) compartments and sur-
faces shall be kept free of debris and accumulation of oil,
hydraulic fluids, grease, or fuel. Personnel shall not be sub-
jected to increased risk to catch servicing fluids. If a spill
occurs, it shall be controlled in accordance with local direc-
tives once the aircraft and surrounding area are made safe.
Safe fuel servicing depends on keeping fuels in controlled
areas, not allowing spillage, and in keeping all ignition sources
away from designated servicing areas.

3.2  AIRCRAFT FLUIDS AND FUELS.

The servicing of aircraft jet fuels, hydraulic fluids, and lubri-
cants, presents a potential fire or explosion hazard. Flammable
mixtures can be formed by the vapors from JP-4 fuel, or from
a spray or mist from a pressurized leak. Flammable vapors are
present when the temperature of JP-4 fuel is greater than
-10ºF. The vapor concentration depends on both the fuel tem-
perature and the ambient temperature. As the temperature
increases, the vapor concentration increases. The temperature
at which the concentration of vapors is sufficient to form a
flammable mixture without propagating is known as the flash
point temperature (-10ºF for JP-4). The term Lower Flamma-
ble or Explosive Limit (LFL or LEL) is the minimum concen-
tration of vapor-to-air where flame will occur with an ignition
source and continue to propagate. The Upper Flammable or
Explosive Limit (UFL or UEL) is the maximum vapor-to-air
concentration above which propagation of flame will not
occur. These flammability limits (1.3 percent to 7.0 percent by
volume) are established under controlled laboratory conditions
and are not directly applicable to servicing of aircraft. The fuel
vapors, being heavier than air, tend to cling to the ground. At
some distance above the fuel surface, the mixture of fuel
vapors and air is flammable. Therefore, it is necessary to treat
any JP-4 fuel spill as being flammable. For comparison, JP-8
fuel has a much higher flash point and is relatively safer to
use. The flash point of JP-8 is +100ºF, if the fuel temperature
is less, JP-8 vapors will not be present above the surface of the
fuel. Special care is still required for JP-5 and JP-8 fuels
because many of the current Air Force aircraft use the fuel as a
heat sink. These aircraft may have JP-5 and JP-8 fuel at 160ºF
well above the flash point. Even during concurrent or hot-
refueling operations the temperature of the JP-5 and JP-8 may
be well above the flash point and will behave just like
JP-4.

3.3  REFUELING.

Pressurized refueling operations present a potential hazard for
pressure leaks in equipment, pipes, and hoses. These failures
may cause a fine spray or mist to be present. If there is an
ignition source, there could be a fire regardless of the fuel’s
flash point temperature. Constant vigilance is needed to elimi-
nate potential ignition sources from the servicing operations.
A very small energy spark, for example, can ignite JP-4 fuel
vapors. The energy associated with metal tools being dropped
on concrete, sparks generated when grounding or bonding
equipment, static electricity generated by personnel, the arcing
of electrical/ mechanical equipment, and sparks/hot particles
from an engine exhaust will ignite JP-4 fuel vapors. The less
volatile petroleum products, such as JP-5 or JP-8 fuels,
hydraulic fluids, or lubricants will not normally ignite unless
the fluid is in direct contact with the ignition source. However,
when JP-5 and JP-8 are discharged under pressure as a mist or
spray, it can ignite/flash as readily as JP-4. Open flames, elec-
trical arcing, and hot surfaces are all potential ignition sources.

3.4  HOT SURFACES.

During refueling operations, the most common ignition
sources present are hot surfaces above 750ºF, such as hot
brakes, bleed air ducts, hot engine, and APU surfaces. In many
servicing operations, the hot surface may be present on the
support equipment. If any heated metal object glows at all
(any color) then its temperature is at least 900ºF and therefore
it is an ignition source. Once a fire starts, the spread is quite
rapid. The flame temperature is approximately 2000ºF and is
well in excess of the melting temperature of aluminum alloys
(1000ºF). Therefore, it is necessary to have fire-fighting equip-
ment immediately available as specified in Table 3-1.

3.5  SERVICING SUPERVISOR.

Fuel and water servicing will be conducted under the direct
control of the servicing supervisor. This supervisor will be
completely familiar with this technical order and the applica-
ble aircraft -2 technical order(s). In addition, this supervisor
must demonstrate a thorough knowledge of all equipment and
systems involved in the servicing operations and be qualified/
certified in accordance with command directives. This super-
visor will insure that all applicable safety precautions and
technical order requirements are taken and/or observed prior
to, during, and after all servicing operations. This supervisor
shall be responsible for assigning, monitoring, directing, and
controlling the duties of personnel under his or her supervision
as follows:
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a. Check the markings on the refueling equipment to ver-
ify that the correct grade of fuel is being supplied to the
aircraft.

b. Control the movement and correct positioning of aircraft
and servicing equipment to, from, and within the servic-
ing areas.

c. Verify the positioning and type of fire extinguishers.

d. Evacuate non-essential personnel and equipment.

e. Shutdown powered SE not essential to servicing. If nec-
essary, move SE to a point where it will not obstruct
operations.

f. Verify that the correct grounding/bonding sequence is
accomplished.

g. Establish and maintain either visual or voice contact
with the control panel operator and/or servicing equip-
ment operator(s). If the aircraft is equipped with inter-
com communications for ground operations, it will be
used to maintain, voice contact with fuel panel opera-
tor(s) at all times during servicing.

NOTE

For commercially contracted cargo-only aircraft
where the fuel control panel/fuel system control
mechanism is located on the outside of the aircraft,
use of the aircraft intercom system by servicing
ground crews is not required. If any personnel (flight
or ground crew members) are to remain on board the
aircraft during fuel servicing operations, then voice
contact must be established and maintained between
the personnel remaining on board the aircraft and the
fuel control panel operator(s) at all times during the
fuel servicing operation.

h. For single point servicing, the fuel-servicing supervisor
will insure the Single Point Receptacle (SPR) nozzle is
properly connected to the aircraft fueling receptacle.

NOTE

Connect the SPR nozzle to the aircraft. With the SPR
nozzle crank handle in the closed position, check the
strainer coupling quick disconnect device for positive
locking. Prior to pressurizing the hose, be sure the
nozzle is securely locked to the aircraft by attempting
to remove the nozzle with the nozzle crank handle in
the open position. Any nozzle that can be disconnect-

ed from the SPR with the nozzle crank handle in the
open position is defective and must be removed from
service immediately. On aircraft with Refueling
Teams, the team member connecting the refueling re-
ceptacle will be responsible for testing the strainer
quick disconnect locking device for positive engage-
ment and assuring the refueling nozzle is securely
locked.

i. During over the wing/open port fuel servicing, insure
the bonding wire is installed prior to opening the filler
cap and that the fuel nozzle operator does not block or
jam the nozzle in the open position or leave it unat-
tended.

j. Ensure communication is available through Mainte-
nance Operation Center (MOC) and/or the Command
Post to Fire Protection Agencies.

k. Ensure personnel are thoroughly familiar with and qual-
ified to perform safe servicing operations.

l. Implement immediate shut down procedures if an
abnormal condition (i.e., power loss or fuel gage mal-
function) occurs during fuel servicing.

3.6  FUEL SERVICING SAFETY ZONE (FSSZ).

This is the area within 50 feet of a pressurized fuel carrying
servicing component; i.e., servicing hose, fuel nozzle, SPR,
hydrant hose cart, ramp hydrant connection point, etc., and 25
feet around aircraft fuel vent outlets. (Aircraft interiors are not
considered part of the FSSZ unless canopies, ramps, or doors
are open exposing part of the aircraft interior to a spilled or
sprayed fuel hazard.) The fuel servicing safety zone is estab-
lished and maintained during pressurization and movement of
fuel. See Figure 3-1 for an example of the bomber pit refuel-
ing safety zone and Figure 3-2 for an example of the fighter
refueling safety zone. During fuel movement, active ignition
sources shall be removed and kept out of the fuel servicing
safety zone. Some examples of active ignition sources are
open flames, sparks from internal combustion engines, and
electrical arcing.

3.7  THE AIRCRAFT BEING SERVICED.

Non-essential aircraft electrical systems, including radar, shall
not be activated on the aircraft during servicing operations
unless absolutely required for servicing. However, if required,
aircrew members may operate UHF/VHF cockpit radios. The
power off portion of aircrew walkaround inspections may be
performed when essential to meet established operational turn-
around requirements.
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3.8  ADJACENT AIRCRAFT.

Aircraft parked as prescribed in AFH 32-1084 and which
intrude into the fuel servicing safety zone shall not be:

a. Involved in engine starts or engine trim operations.

b. Radiating electromagnetic energy.

c. Using NDI or welding equipment.

d. Involved in any maintenance requiring:

(1) Energizing or de-energizing external electrical cir-
cuits.

(2) Disconnecting combustible fluid carrying lines,
except those equipped with non-spill, quick discon-
nects.

e. Moved under its own power.

NOTE

However, normal maintenance, including pre/post-
flight inspections involving internal aircraft electrical
power, may be performed on adjacent aircraft provid-
ing there are no spilled flammable liquids.

3.9  SERVICING CONSTRAINTS.

The following constraints apply during servicing operations:

a. During servicing, only those personnel actually required
for the operation shall remain in the fuel servicing safety
zone. Aircrews on commercial contract cargo-only air-
craft may remain on board the aircraft during servicing
operations. Personnel receiving training on specific
tasks required to complete the fuel-servicing operation
are allowed in the FSSZ if they are under the direct
control and supervision of the fuel servicing supervisor.
Quality inspectors may enter the FSSZ to perform qual-
ity assurance functions. Personnel performing autho-
rized functions on adjacent aircraft, which intrude into
the FSSZ, may remain on duty with the adjacent air-
craft. The servicing supervisor will coordinate with all
affected personnel so that these restrictions are
observed. There shall be no smoking within 50 feet of
any aircraft or servicing operation. Servicing operations
shall not begin if any indication of ‘‘hot brakes’’ are
noted.

b. Aircraft radar and High Frequency (HF) radios shall not
be operated in the transmit mode within 300 feet of
servicing operations, unless otherwise specified in the
applicable aircraft and equipment repair technical
orders, or when TO 31Z-10-4 procedures are used to
insure a safe distance. Satellite communications
(SATCOM) radios may be operated in the transmit
mode if the antenna beam is pointed at least ten degrees
above the horizon.

c. Do not start servicing operations (any movement of fuel,
water, environmental fluid, oil, hydraulic fluid, oxygen,
nitrogen, or hydrazine) whenever one of the following
conditions exists. If servicing operations are already in
progress, terminate as soon as practical:

(1) When a lightning advisory has been issued indicat-
ing an electrical storm is within five miles of the
servicing area.

(2) Winds reach velocities hazardous to the aircraft or
servicing operations. Specific high wind restrictions
will be developed by base-level personnel for each
base supporting a flying mission.

(3) Fire in the vicinity is generating hot ashes.

(4) If an aircraft crash/fire occurs at the same airfield,
servicing operations already underway will be
stopped and fuel-servicing equipment will be discon-
nected. No new servicing operations will be started
until the crash/fire is declared under control by the
base Fire Chief or Senior Fire Officer (SFO), his
designated representative, or the on-scene com-
mander, and the required level of fire protection is
available to support servicing operations.

(5) In the event of an In-flight Emergency (IFE) or crash
warning resulting in the departure of the on-scene
fire vehicle, servicing operations already underway
must be stopped. No new servicing operations may
be started without the concurrence of the base Fire
Chief, his designated representative, or the on-scene
commander, or until the IFE or crash warning has
been cancelled. As a condition of continuance during
IFEs, either an operational fixed, skid mounted, or
portable Aqueous Film Forming Foam (AFFF) fire
suppression system discharging through oscillating
nozzles or at least one fully manned aircraft rescue
and fire fighting vehicle must be positioned at the
aircraft fuel servicing scene.
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 Figure 3-1.  Bomber Refueling Safety Zone Example
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 Figure 3-2.  Fighter Refueling Safety Zone Example
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In freezing weather, touching a metal surface with
bare skin can cause the skin to stick to the cold sur-
face, resulting in a painful injury. One way to avoid
this is to touch the aircraft grounding/bonding con-
nector with a warm metal object, such as a coin held
in the bare hand.

d. Personnel in the FSSZ shall not wear footwear with
exposed spark-producing nails or metal plates on the
walking surfaces. Any type of clothing may be worn as
outer garments when fuel servicing aircraft with high
flashpoint fuels (JP-5, JP-8, JP-10, JET A, JET A-1, or
diesel). However, when fuel servicing aircraft with low
flashpoint fuels (JP-4, JET B, AVGAS, or MOGAS),
clothing containing more than 65% of any combination
or mixture of nylon, rayon, wool or polyester shall not
be worn as outer garments. Do not put on or remove
outer garments in the fuel servicing safety zone.
Matches or lighters will not be handled or removed from
pockets during servicing operations. If flight crew mem-
bers wearing Nomex and/or other authorized flight
clothing are required to assist in aircraft fuel servicing
operations, they will first assure that they are at the
same potential as the aircraft. This is done by bare hand
contact with the aircraft grounding/bonding connector,
an unpainted aircraft surface, or a static ground before
removing the fuel filler cap or while inserting the bond-
ing jack on the fuel nozzle.

e. Laptop computers, cell phones, radios, night vision gog-
gles, flashlights (six volts or less) and cameras (includ-
ing digital cameras) can be operated within the FSSZ.
However, no battery changes nor charging operations
are allowed within the FSSZ. Only intrinsically safe
devices can be operated within 10 feet of aircraft fuel
vent outlets, open port refueling receptacles, fuel spills,
or fuel trucks being filled (bottom loading or from air-
craft defueling). Cordless Aircraft Wireless Intercom
Systems (AWIS) constructed by Communications -
Applied Technology may be used anywhere within the
FSSZ.

f. If hot brakes are suspected, an aircraft hot brake check
will be performed prior to fuel servicing. Temperature
can be measured by temperature sensitive substances
(temp sticks) or by infrared heat sensors. Fuel servicing
shall not start until the brake temperature is below
750ºF, except for the A-10, C-5, C-17, C-130, C-141,
E-4, F-15, and HH-60 aircraft. These aircraft are
exempted because of the location, direction, and dis-
tance of the fuel vent outlets from the aircraft landing
gear brake assemblies.

g. If glowing or crackling fuel is noted when servicing
aircraft, immediately cease all servicing operations.
Report the incident to the servicing supervisor and to the
fire department. After the incident is investigated,
recheck grounding connections, and resume flow at a
slower rate and pressure.

h. Operating external power units will be parked outside
the fuel servicing safety zone which is at least 50 feet
from the pressurized fuel carrying servicing components
and at least 25 feet from aircraft fuel vent outlets. The
operating units will be positioned upwind from the fuel
servicing operation when possible.

The aircraft settles as fuel is taken on board. Ensure
adequate clearance exists between the aircraft and
maintenance stands or equipment positioned under
any portion of the aircraft.

NOTE

Fiberglass is a non-conductive material (insulator)
that does not dissipate or transfer electrostatic charg-
es when either grounded or bonded to conductive ob-
jects. Therefore, the grounding or bonding of
fiberglass ladders or work stands is not required.

i. Bond conductive aircraft maintenance or work stands to
the aircraft when using the stand to access the aircraft
fuel servicing receptacles or support the fuel hose dur-
ing servicing operations. Other maintenance or work
stands, not used for fuel servicing, do not require either
bonding or grounding.

If any tank appears to fill abnormally slow or not at
all, then stop all refueling immediately and investi-
gate to determine what is causing the problem. The
cause could be a blocked vent line or failed refuel
shutoff valve or other malfunction.

j. On aircraft equipped with individual fuel tank quantity
gauges, monitor each gauge during refueling operation. 

3.10  SERVICING VEHICLES AND SUPPORT EQUIP-
MENT (SE).

Do not service aircraft if any of the following safety discrep-
ancies exist:
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a. Defective servicing hose.

b. Fuel leaks.

c. Defective or bare electrical wiring.

d. Defective throttle or PTO Interlock System.

e. Defective hand or foot brakes.

f. Defective exhaust system.

g. Aircraft or support equipment engine(s) is (are) over-
heated.

h. Defective or inoperative emergency shutoff switch.

i. Defective shift linkage or gear shift indicator.

j. Defective tank vent valves.

k. Vehicle air pressure below 90 psi.

l. Vehicle or support equipment engine backfires.

m. Fuel filter pressure exceeds maximum authorized differ-
ential pressure (coalescing; 15 psig, absorbtion: 22 psig)

n. Defective deadman control valve.

o. Defective nozzle.

3.11  FIRE PROTECTION.

Fire protection is essential during aircraft servicing operations.
The level of fire protection is based on the hazard involved in
the operation being conducted. Personnel involved in servic-
ing operations shall be trained in the operation of fire extin-
guishers and installed fire suppression equipment systems. In
the event of a fire or fuel leak, servicing personnel are the first
line of defense in protecting Air Force assets involved when
fire department personnel are not available at the incident
scene. Servicing personnel must immediately notify the fire
department and use available fire extinguishers (or other
equipment) until the fire department arrives on scene.

a. Fire extinguishers. The 150-pound, Halon 1211 fire
extinguisher is the primary flight line fire extinguisher.
Fire extinguisher requirements are outlined where
appropriate in applicable paragraphs of this technical
order and are summarized in Table 3-1.

b. Installed Fire Suppression Systems and Vehicle Standby.
Certain aircraft servicing operations present increased

hazards and require a greater level of in-place fire pro-
tection. Hot refueling operations require modular or
installed fire suppression equipment employing AFFF.
When such systems are not available, fire protection is
provided by standby fire fighting vehicles and crews.
Refer to applicable information in this technical order
and to Table 3-1 for a summary of installed fire suppres-
sion system requirements and vehicle standby require-
ments.

c. Fire Department Standby Requirements. Table 3-1 lists
various fire protection requirements for Aircraft Rescue
and Fire Fighting (ARFF) vehicles. Due to a limited
amount of ARFF equipment available, on occasions the
fire chief or SFO is required to direct standby vehicles
to existing emergencies. An example is when the fire
department responds to an IFE. During IFEs, ARFF
vehicles are pre-positioned along the runway when an
emergency landing is anticipated. The following fire
protection policy applies during emergency situations.

(1) Operations, which may continue. Concurrent Servic-
ing Operations (CSO) during Sortie Generation
Operations may continue fuel servicing until the
present CSO is completed. No fuel servicing portion
of a new CSO may begin unless authorized by the
wing commander (or senior local operational com-
mander) until the ARFF vehicle has returned to the
site. As a condition of continuance, there must be an
immediate means of recalling the fire department to
the standby location in case of an onsite emergency.
Additionally, two 150-pound Halon 1211 extinguish-
ers must be located with one on each side of the
aircraft. Servicing personnel shall be trained in the
use of these extinguishers. Maintenance, fuel servic-
ing, and aircrew personnel must exercise extra vigi-
lance during this time period. When the fire chief
releases the ARFF vehicles from the emergency
scene, they will reservice as necessary and return
immediately to the standby location.

(2) Operations which must cease. All aircraft hot refuel-
ing operations, concurrent fuel servicing of aircraft
with passengers onboard, fuel servicing of medical
evacuation flights with passengers/patients onboard,
defueling when an aircraft has a fuel leak, is dam-
aged from fire or impact, defueling into open con-
tainers or drums, or defueling where safe distance
criteria cannot be met or static grounding points are
not available. These operations shall cease immedi-
ately. Fuel flow will be stopped and pressure
relieved from the fueling system until the ARFF
vehicle has returned to the site.
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Table 3-1.  Fire Protection Equipment Requirements

Type of Operation Fire Protection Requirements

Do not use Halon, carbon dioxide, or water (Type A, B or C Rated) fire extinguishers on or near fires involving muni-
tions, pyrotechnics, liquid oxygen (LOX), or magnesium incendiaries (flares). The extinguishers listed in this Table
should only be used for initial knockdown of fires on aircraft and equipment before the involvement of munitions,
pyrotechnics, or magnesium incendiaries or to protect adjacent equipment and facilities. Always ensure you have the
proper fire extinguisher for the class of fire hazard encountered.

Do not lay down the 150-pound Halon 1211-wheeled fire extinguisher. The flight line extinguisher must be utilized
from the upright position. The laying down of the flight line extinguishers to prevent tipping or damage from engine
exhaust subjects the extinguisher to fail to provide sufficient agent to suppress a fire. If flight line personnel are con-
cerned regarding this situation, they should relocate the extinguisher outside of the exhaust zone.

NOTE

• All references to the Halon 1211 extinguisher are for the 150-pound wheeled extinguisher.

• Fire department standby vehicle is not required when the operation involves the simulation of refueling.

• The fire department standby requirements contained in this TO apply for normal day-to-day operations. Under
actual combat conditions, contingencies or emergencies, and MAJCOM directed and approved exercises; Concur-
rent Servicing Operations during Sortie Generation Operations may be conducted with only two 150-pound Halon
1211 portable fire extinguishers. 

• For any operations performed in SIMULATED hardened aircraft shelters/protective aircraft shelters (HAS/PAS),
the fire protection equipment requirements will be the same as for those operations being conducted outside a
hangar or shelter.

1. POL servicing vehicle-parking area. The Fire Protection Flight determines the type of extinguisher 
required for the associated hazards in accordance with NFPA 
10.

2. Aircraft outside of hangar or shelter with no servicing 
being conducted.

a. A/T-38, C-12, C-21, C-27, C-29, F-5, H-1, H-60, T-1, T-37, 
T-41, RQ-1K/L, and U-2.

One Halon 1211 extinguisher per three aircraft.
AETC aircraft require one per two aircraft.

b. F-4, F-15, F-16, F-22, F-117, H-53, RQ-4A, and OA/A-10. One Halon 1211 extinguisher per two aircraft.

c. B-1, B-2, B-52, B-727, B-747, B-757, B-767, C-17, C-20, 
C-32, C-37, C-130, C-141, DC-9, DC-10, E-3, E-8, KC-135,
L-1011, MD-90, and T-43.

One Halon 1211 extinguisher per aircraft.

d. C-5, E-4 and VC-25. Two Halon 1211 extinguishers per aircraft.

e. Alert Aircraft: A/T-38, C-12, C-21, C-29, F-4, F-5, F-15,
F-16, F-117, H-1, H-53, H-60, OA/A-10, T-37, T-39, T-41 and 
U-2.

One Halon 1211 extinguisher per aircraft.
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Type of Operation Fire Protection Requirements

f. Alert Aircraft: (Except DC-9 Series used for medical evacu-
ation, refer to entry 3h. or 3i. when passenger(s) are on board.) 
B-1, B-2, B-52, C-5, C-17, C-130, C-141, DC-9 Series, DC-10 
Series, E-3, E-4, E-8, KC-135, T-43, and
VC-25.

Two Halon 1211 extinguishers per aircraft.

3. Aircraft outside of a hanger or shelter being serviced.

a. No powered support equipment being operated. One Halon 1211 extinguisher per aircraft located in the fuel 
servicing safety zone (FSSZ). C-5, E-4 and VC-25 require two 
per aircraft.

b. Powered support equipment being operated. One Halon 1211 extinguisher located in the FSSZ of the air-
craft. During fuel servicing, the use of aircraft APU/GTC 
without integral fire suppression capability will require the 
Halon 1211 extinguisher be positioned in the FSSZ and to pro-
tect both the aircraft and APU/GTC exhaust port area.

c. Cargo aircraft with nuclear weapons aboard. One Halon 1211 extinguisher per aircraft located in the FSSZ. 
Additionally, during loading and off loading operations, 
engine starts, or other aircraft servicing, a minimum of one 
major rescue fire-fighting (ARFF) vehicle, Air Force P-19 or 
equivalent ARFF vehicle meeting or exceeding P-19 capabili-
ties is required. Stand by ARFF vehicle will maintain a one-
minute response time during taxi, takeoff and landing. The 
Base Fire Chief determines positioning for optimum response.

d. Concurrent Servicing Operations during Sortie Generation 
Operations: Simultaneous refueling, munitions loading/
unloading, aircraft reconfiguration e.g. tanks, racks, pylons 
loading/unloading, and other specified maintenance activities 
with all engines shut down. 

In addition to the requirements of 3a. or 3b. as applicable, an 
ARFF vehicle (P-2//19/20/23) will be on flightline standby. It 
will be positioned for optimum response as determined by 
Base Fire Chief.

e. Hot refueling: The transfer of fuel into the fuel tanks of an 
aircraft with one or more engines on an aircraft operating with 
or without munitions on board. 

One Halon 1211 extinguisher positioned between the refueling 
equipment and the refueling supervisor’s position. In addition, 
either a fixed or skid mounted AFFF system discharging 
through oscillating nozzles. An ARFF vehicle (P-2//19/20/23) 
may be substituted for the AFFF system. The aircraft rescue 
and fire-fighting vehicle must be on standby just outside the 
FSSZ.

f. Multiple hot refueling operations. Same as 3e. When an ARFF vehicle (P-2//19/20/23) is used; it 
will be positioned for optimum response to the respective air-
craft as determined by Base Fire Chief.

g. Concurrent fuel servicing of aircraft without passengers. 
(See Section 5.)

NOTE

Concurrent servicing of VC-25 aircraft (with or
without passengers on board) requires an ARFF ve-
hicle to be positioned at the aircraft.

One Halon 1211 fire extinguisher for each SPR connection 
location being used. Additionally, an ARFF vehicle (P-2//19/
20/23) will be available to respond within three minutes when 
one aircraft is being serviced. When two or more aircraft are 
being concurrently serviced at different locations, the ARFF 
vehicle will be positioned for optimum response to the respec-
tive aircraft as determined is involved by the Base Fire Chief 
or SFO.

Table 3-1.  Fire Protection Equipment Requirements - Continued
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Type of Operation Fire Protection Requirements

h. Concurrent fuel servicing of aircraft with passengers, (Com-
mercial airports exempt). (See Section 5.)

NOTE

Concurrent servicing of VC-25 aircraft with or with-
out passengers on board requires a major aircraft res-
cue and fire-fighting vehicle be positioned at the
aircraft.

NOTE

The Fire department shall be notified at least 15 min-
utes prior to starting concurrent servicing operations.

One Halon 1211 fire extinguisher for each SPR connection 
location being used. Additionally, when servicing with JP-4 or 
Jet B Fuel, an installed fire suppression system is required. If it 
is not available, an ARFF vehicle (P-2/19/23) will be posi-
tioned at the aircraft. When two or more aircraft are being con-
currently serviced at different locations, the ARFF vehicle will 
be positioned for optimum response to the respective aircraft 
as determined by Base Fire Chief.

i. Concurrent servicing of medical evacuation flights with pas-
sengers/patients on board. (See Section 5.)

NOTE

The Fire department shall be notified at least 15 min-
utes prior to starting concurrent servicing operations.
The number of passengers remaining on board air-
craft shall be indicated.

One Halon 1211 fire extinguisher for each SPR connection 
location being used. Additionally, when servicing with JP-4 or 
Jet B Fuel, an ARFF vehicle (P-2//19/23) will be positioned at 
the aircraft.

j. Defueling when an aircraft has a fuel leak, is damaged from 
a fire or impact, defueling into open containers or drums, defu-
eling where safe distance criteria cannot be met.

One Halon 1211 fire extinguisher for each SPR connection 
location being used. Additionally, an ARFF vehicle (P-2//19/
20/23) will be on standby just outside the FSSZ. 

k. Rapid defueling of KC-135 aircraft. One Halon 1211 fire extinguisher for each SPR connection 
location being used. If the wing tip separation is less than 50 
feet, an ARFF vehicle (P-2//19/20/23) will be positioned at the 
aircraft.

4. Aircraft serviced in flow-through revetment. Servicing in flow-through revetments requires the same level 
of fire protection as servicing conducted on the ramp. (See 3 
above)

5. Aircraft parked inside aircraft shelters/FTRs. One Halon 1211 fire extinguisher inside each shelter/FTR 
being used.

a. Aircraft fuel servicing in shelters/FTRs. One Halon 1211 fire extinguisher inside each shelter/FTR 
being used.

b. Concurrent Servicing Operations during Sortie Generation 
Operations in shelters/FTRs. 

Two Halon 1211 (150 lb) extinguishers. The extinguisher 
closer to the aircraft fuel vent should be manned. Additionally, 
one ARFF vehicle (P-2//19/ 20/23) per shelter area must be on 
standby. It will be positioned for optimum response as deter-
mined by the Base Fire Chief or SFO.

Table 3-1.  Fire Protection Equipment Requirements - Continued
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Type of Operation Fire Protection Requirements

c. Hot refueling. Two Halon 1211 (150 lb) extinguishers. The extinguisher 
closer to the aircraft fuel vent should be manned. Additionally, 
an installed fire suppression system is required. If an installed 
fire suppression system is not available, an ARFF vehicle (P-
2//19/20/23) will be substituted at each hot refueling shelter. 
The ARFF vehicle will standby just outside the FSSZ and the 
shelter entry doors must remain fully open.

d. Aircraft double-stuffed. Two Halon 1211 (150 lb) extinguishers. Extinguishers will be 
positioned for optimum response to either aircraft depending 
upon particular operations(s) being conducted.

6. Hydrazine leak or spill. Notify MOC. Implement base formal contingency plan in 
accordance with AFOSH Standard 48-8. Refer to paragraph 4-
42 of this technical order for further information.

7. Wet wing defueling. Four, 80 BC, dry chemical extinguishers (Army supplied).

8. Aircraft serviced inside A/F 37T10/11 Hush Houses. One Halon 1211 fire extinguisher inside the hush house being 
used.

9. Aircraft being loaded/unloaded with non-nuclear muni-
tions using -33-1-2 procedures with/without powered sup-
port equipment.

a. Outside hangar or shelter. Same as 2 above.

b. Flow-through/three-sided revetment. One Halon 1211 fire extinguisher located within each revet-
ment being used.

c. Aircraft Shelters. One Halon 1211 fire extinguisher inside each shelter being 
used.

10. Multiple source refueling. One Halon 1211 fire extinguisher for each side of the aircraft 
being serviced.

11. Protective Aircraft Canopy Shelters (PACS) Same as 2 above.

12. Refueling of aircraft not equipped with an integral 
APU fire fighting capability (when APU is operating)

One individual shall remain outside the aircraft within 20 feet 
of the APU/GTC compartment exhaust with a 150-pound 
Halon 1211 fire extinguisher. 

Table 3-1.  Fire Protection Equipment Requirements - Continued
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3.12  DISTANCE CRITERIA.

Use Table 3-2 to determine safe distances between parking
areas and fueling operations.

Table 3-2.  Distance Criteria Between Parking Areas and/or Fueling Operations (Distance in Feet)

Aircraft Parking
Areas/Uninhabited

Buildings

Taxiing
Aircraft

Inhabited
Buildings

Mass Refueling
Unit Parking

Area

Mass Refueling Unit Parking 
Area

100/50 50 100�� N/A

Hot Refueling 200��� 50� 200��� 200

Rapid Defueling 50 50 200 200

NOTE

• Distance criteria is measured as the closest distance between any part of an aircraft and building or facility
involved. For aircraft parking areas, measure from the closest authorized parking positions. In many cases, jet blast,
local terrain, and other factors will require increased distances to insure safety.

• Hardened Aircraft Shelters/Protective Aircraft Shelters are not considered to be either Inhabited or Uninhabited
Buildings for the purpose or application of this table.

*Part of an aircraft may pass within 50 feet of a hot refueling operation as long as the operating engine(s) of the taxiing aircraft 
do not penetrate the 50-foot criteria.

**For existing parking areas, the distance may be modified on the basis of local conditions, however, the separation distance 
shall not be reduced below 50 feet.

***For E-4B aircraft, the distance from the wingtip can be reduced to 100 feet.
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CHAPTER 4
FLIGHTLINE SERVICING OPERATIONS

4.1  POWERED SUPPORT EQUIPMENT (SE).

4.1.1  Positioning and Operation of Support Equipment.
To control, position, and operate powered and non-powered
support equipment used for aircraft servicing, the following
requirements apply:

a. All support equipment not required in servicing opera-
tions shall be shut down prior to the start of servicing.
Unless required for servicing, support equipment shall
not be parked under any part of an aircraft being ser-
viced. Parking brakes shall be applied when support
equipment is in position and, if necessary, because of
ramp slope conditions, chocks will also be used. Chocks
shall be used on wheeled support equipment that does
not have operable parking brakes.

b. Operating powered support equipment shall be parked
outside the fuel servicing safety zone of the aircraft
being serviced and 10 feet from any aircraft not being
serviced. Wind direction, ramp slope, mechanical strain
on cables or ducts, and location of the fuel source are
also important considerations. Exhaust outlets shall not
be pointed at the aircraft when starting powered support
equipment. An operator shall remain in the vicinity of
operating powered support equipment at all times.

Avoid touching exhaust manifold if doubt exists as to
temperature. Serious burns may result if the manifold
is hot.

c. Support equipment shall not be refueled while operat-
ing, or when exhaust manifold/piping is hot (750ºF or
more). Support equipment shall not be started when fuel
vapors are noticeably present. Do not refuel support
equipment directly from aircraft drain cocks.

4.1.2  Driving and Parking Fuel/Water Servicing Vehicle/
Equipment.  Fuel servicing vehicles will not be driven or
parked closer than 25 feet from aircraft unless a spotter is used
to direct the vehicle. (Exception: Fuel servicing vehicles being
positioned for aircraft servicing may be driven under the hori-
zontal stabilizers of B-1, C-5, C-17, C-130, C-141, E-4, VC-
25, and Boeing 747 aircraft as long as: the vehicles stay on
paved surfaces; maintain at least a ten foot clearance from any
portion of the aircraft; and a spotter is used.) Special attention
must be given to clearances between the fuel servicing vehicle

and the aircraft cargo door when open and the ramp when
lowered.) Under no circumstances will the vehicle be posi-
tioned closer than 10 feet from the aircraft. (Exception: A-10,
C-130, E-4B, VC-25, Boeing 747, C-27, and U-2R aircraft
only, the vehicle may be within 10 feet but no closer than four
feet from the aircraft in any direction. For E-4B, VC-25, and
747 aircraft, the fuel truck may be positioned as far under the
wing as necessary for the fuel hose to reach the aircraft.)
Except during nose-in, nose-out or double-stuff conditions in a
HAS/PAS, maintain a minimum of 5 feet between fuel servic-
ing vehicles and any portion of the aircraft. (R-11 fuel servic-
ing vehicles when used inside hardened aircraft shelters are
exempt from the minimum 5 feet clearance requirements). The
hydrant-servicing vehicle (HSV) with highlift platform servic-
ing capability may be permitted under the wing of an aircraft,
if this positioning is required to perform the fuel servicing
operation. Always maintain a clear path from the aircraft for
rapid evacuation of vehicles in an emergency situation.

a. Avoid driving vehicles or equipment directly toward
parked aircraft when within 25 feet since a brake failure
could result in a collision. Approach the aircraft parallel
to the wings (except in instances where single point
location on the aircraft requires a different approach)
and with the vehicle operator’s side adjacent to the air-
craft.

b. Stop the servicing equipment at least 25 feet from the
aircraft, uphill if possible, and move into servicing posi-
tion cautiously upon signal from directing personnel. If
backing is absolutely necessary to approach an aircraft,
post a spotter and place chocks to preclude the vehicle
from striking the aircraft. Back very slowly so that the
chocks can stop the vehicle in case of brake failure.
When a series of aircraft in a row are to be refueled and
the refueler moves forward along designated 10-foot
clearance markings painted on the ramp, the refueler
may be moved from one aircraft to another without the
use of a spotter as long as the clearance markings are
visible to the refueler operator.

c. Do not drive or operate servicing vehicles in the servic-
ing area if a fuel spill has occurred or if fuel is leaking
from the aircraft. Do not use servicing vehicles, which
have electrical system malfunctions.

d. Chocks may be constructed according Commercial Item
Specification A-A-52475 (Chock, Wheel) or can be
locally manufactured. Locally manufactured chocks can
be constructed of wood and should have the following
dimensions:
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For single axle vehicles, 14 inches long, 3-1/2 inches high, and
with a 5-1/2 inch base.

For tandem axle vehicles, 20 inches long, 5-1/2 inches high,
and with a 7-1/2 inch base.

e. Fuel, oil, and water servicing vehicles need not be
grounded. However, they must be chocked when the
driver’s seat is vacated.

4.2  AIRCRAFT REFUELING.

Fire and explosion hazards are always present during aircraft
fuel servicing operations. Use of vehicle and equipment opera-
tional checklists is mandatory. 

NOTE

• Refer to Table 3-1 for all fire protection equipment
requirements.

• Do not position vehicles with the front of the vehi-
cle facing toward any potion of the aircraft except
for ARFF vehicles located in their designated
standby position. A clear path shall be maintained
at all times to permit rapid evacuation of servicing
vehicles and personnel in the event of an emergen-
cy. Do not park in the front or rear of ARFF stand-
by vehicles. 

a. Ensure required fire protection is in place. 

b. Unless specifically exempted elsewhere in this TO, per-
sonnel not required to service the aircraft shall leave the
fuel servicing safety zone. The APU/GTC will not be
used during fueling operations on aircraft not specifi-
cally listed in paragraph 4.5.

c. Except when the equipment uses power takeoff (PTO) to
drive the pump (HSV-12 is exempt), turn off the ignition
switch after the servicing vehicle or equipment is
parked, brakes set, and before wheels are chocked. The
fuel-servicing operator is now prepared to assist in the
aircraft fuel servicing operation.

For over the wing/open port fuel servicing, always
bond the nozzle to the aircraft before the fill cap is
removed. This connection shall remain in place until
after the tank cap is replaced. Failure to perform this
procedure can cause a static spark at a tank fill open-
ing.

d. Bond the fuel servicing vehicle and equipment to the
aircraft.

• With the SPR nozzle crank handle in the closed
position, check the strainer coupling quick discon-
nect device for positive locking. 

• Prior to pressurizing the hose, be sure the nozzle is
securely locked to the aircraft by attempting to re-
move the nozzle with the nozzle crank handle in
the open position. Any nozzle that can be discon-
nected from the SPR with the nozzle crank handle
in the open position is defective and must be re-
moved from service immediately. On aircraft with
Refueling Teams, the team member connecting the
refueling receptacle will be responsible for testing
the strainer quick disconnect locking device for
positive engagement and assuring the refueling
nozzle is securely locked. 

e. For single point servicing, the fuel-servicing supervisor
will ensure the SPR nozzle is properly connected to the
aircraft-refueling receptacle. The 45-degree D-1 nozzle
is acceptable for most SPR fuel servicing operations.
However, the straight throat D-2 nozzle is preferred for
under-wing fuel servicing to minimize possible stress
damage to the aircraft SPR adapter. Refer to Table 4-1
for a complete list of approved/authorized single point
refueling nozzles.

NOTE

Crew ladders that do not present an interference prob-
lem or would not cause damage to the aircraft in case
of strut deflation may remain installed on the aircraft
during normal refueling.

f. Workstands, ladders, and any other equipment, not
required for servicing, shall be kept clear of the aircraft.

g. Connections for any auxiliary equipment such as inter-
coms, auxiliary power unit, and portable refueling pan-
els shall be completed before starting the fuel transfer
operation. Do not disconnect this equipment while fuel
servicing is in progress.

h. The electrical power cables shall be of sufficient length
to permit parking of the power unit outside the FSSZ.

4-2

J4ENEMAG
NEW FUEL SYSTEMS MAINTENANCE HANGAR                                                       ELM179DACA85-02-R-0009, AMENDMENT R0016

J4ENEMAG
       APPENDIX 12        Page 32



TO 00-25-172

During fuel servicing, fuel vapors are forced out of
the vents by the incoming fuel. An explosive vapor-
air mixture normally exists in the vicinity of the air-
craft fuel vent. Special care must be taken that no
active ignition source is in, or enters into, this area.

The fuel added during servicing may cause the air-
craft to settle.

i. Service the aircraft as directed in MDS specific techni-
cal orders.

j. The fuel-servicing operator will closely monitor the
control panel meters and gauge system on vehicles and
hosecarts during the fueling operation and be prepared
to shut down in case of a fuel leak or other malfunction.

The use of any means to defeat the deadman control
installed on fuel servicing equipment is expressly
prohibited.

k. For normal day-to-day fuel servicing, the servicing unit
operator will hold the deadman control, unless aircraft
checklists or operating procedures stipulate the aircraft
refueling supervisor/SPR monitor will hold the deadman
control valve. 

l. When refueling by hydrant system, the fuels operator
will hold the remote control switch or magnet switch
lanyard throughout the refueling operation.

m. When aircraft fuel servicing is complete, a servicing
crewmember shall close and disconnect the SPR nozzle.

n. A servicing crewmember will assist the fuels equipment
operator in reeling and stowing the hose on the vehicle
or equipment and/or disconnect and stow the hydrant
hose.

Grounding/Bonding clamps/plugs shall not be al-
lowed to drag across the ramp. Clamps/plugs shall be
carried to reels on equipment.

o. The fuels equipment operator will disconnect and
remove the bonding cables.

p. Use of the Hammonds Model HT-800-1L and 4T-4A
injectors (and associated carts) are authorized for adding
fuel system icing inhibitors (FSII) and other fuel addi-
tives to aircraft during routine fueling operations.
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4.3  MULTIPLE SOURCE REFUELING.

Normally, only one refueling truck at a time is used to service
Air Force aircraft. However, there are situations when multi-
truck or truck and hydrant servicing are concurrently accom-
plished. Multiple source refueling is prohibited on medical
evacuation aircraft when patients are on board or when
patients are enplaning or deplaning.

• Multiple fuel source servicing adds an additional
risk due to the increased complexity of the opera-
tion and additional personnel and equipment re-
quired to perform the function.

• Refueling operators must continuously monitor re-
fueling flow meters for correct indication of fuel
flow. If back flow is detected, immediately stop all
refueling operations.

• When dispensing fuel from multiple vehicles and
hydrants, ensure that the aircraft refueling isolation
valve is in the refuel/defuel or closed position.

• For multiple source refueling, assure both trucks
are in same operational mode prior to commencing
fueling operations and ensure applicable refueler
TO guidelines are strictly followed.

4.3.1  R-11 Fuel Tank Trucks.  R-11 fuel tank trucks may be
used to multiple source refuel any aircraft with more than one
single point refueling receptacle. Other multiple truck or
simultaneous truck and hydrant refueling can be accomplished
on C-5, C-17, C-18/B-707, C-137, KC-135/T, E-4B, B-747,
VC-25, DC-8, DC-10, KC-10, MD-11, and L-1011 aircraft.
However, for C-5, C-18/B-707, and L-1011 aircraft, multiple
sources, with the exception of R-11 fuel tank trucks, cannot be
used to simultaneously refuel on the same side or wing of
these aircraft. Multiple source refueling also requires that:

a. Intercom contact is maintained between the fuel servic-
ing supervisor and the fuel panel operator(s) at all times
during servicing.

b. The applicable aircraft -2 technical orders contain spe-
cific instructions and checklists for accomplishing mul-
tiple truck or simultaneous truck and hydrant refueling
procedures. 

4.3.2  Multiple Refueling Trucks Locations.  When multi-
ple refueling trucks are located on the same side or wing of an
aircraft, the vehicles must be positioned at the aircraft prior to
initiating any fuel flow and remain positioned and bonded
until fuel flow is terminated on all trucks on that side of the
aircraft.

4.3.3  Multiple Source Refueling Authorization.  Multiple
source refueling for aircraft not listed above is authorized
when the refueling sources are capable of preventing fuel from
passing from one truck or hydrant through an aircraft and back
into another truck.

4.4  AIRCRAFT DEFUELING.

Defueling is the movement of fuel from an aircraft to any
external, approved container or system. Procedures listed in
paragraph 4.2 concerning aircraft refueling are applicable to
aircraft defueling, using vehicles/equipment or hydrant fueling
systems. The following additional procedures shall be used
when defueling an aircraft:

a. Prior to defueling, maintenance personnel shall drain all
water from aircraft sumps. If contamination is sus-
pected, retain a fuel sample for visual examination by
fuel servicing personnel.

b. Determine the fuel grade by consulting the aircraft
AFTO 781 series forms/record. Pay particular attention
to aircraft, which have undergone fuel cell maintenance
where leak detection dye could have been used, or for
aircraft which normally use a certain grade of fuel, but
which were last serviced with an alternate fuel. If in
doubt, or if contamination is suspected, request a fuel
test.

NOTE

Routine defueling for weight and balance, fuel load
change, or maintenance, does not ordinarily require
special sampling and testing.

c. Do not pressurize the vehicle or equipment hoses with
the single point nozzle open and the aircraft valve in
defueling position.

NOTE

Defuel suction hose extension (Pigtail) does not re-
quire bonding.

d. During defueling with the Condiesel (1981) R-9,
Kovatch R-9, and Oshkosh R-11 fuel servicing vehicles
verify that the high level shutoff is operational. The
Kovatch R-11 has an electronic high level shutoff and
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does not require pretest. For all other units ensure an
individual is on top of the unit to observe fuel level and
signal the pump operator when the unit is full. 

e. The electrical power cables shall be of sufficient length
to permit parking of the power unit at least 50 feet away
from fuel servicing vehicles and equipment, and outside
of the fuel servicing safety zone and preferably upwind.

Fuel being drained from aircraft sumps into contain-
ers or bowsers shall not be allowed to free-fall.

f. Fuel that cannot be evacuated by normal truck or
hydrant defueling operations may be drained into a rub-
ber pail (NSN 7240-01-150-0716 only), clean metal
container or bowser. Mark the container with the grade
of the product being collected and restrict to this use
only. Bond metal container or bowser to aircraft during
draining operations.

g. All fuel drained from aircraft sumps shall be recovered
by aircraft maintenance, sampled and visual analysis
performed by qualified fuels personnel. Recovery will
be in accordance with TO 42B-1-23 procedures.

h. An ARFF vehicle must be on the scene when any of the
following conditions exist:

(1) Defueling an aircraft, which has a fuel leak in the
system or under emergency conditions resulting
from damage to the aircraft from fire or impact.

(2) Defueling under conditions requiring drainage of
fuel into open containers or drums (other than drain-
ing residual fuel into an approved safety container or
bowser following a defuel operation).

(3) Defueling aircraft at a location where established
safety distance criteria cannot be met.

4.5  APU/GTC USE DURING REFUELING.

The aircraft APU/GTC may be used to supply electrical power
for single point fuel servicing of E-4B/B-747, VC-25A, E-3,
E-6A, C-130, C-141, C-5, C/DC-9, C-20, C-22/B-727, C-27,
T-43, P-3, CH-53, KC/DC-10, C-137/C-18/B-707, B-737/
757/ 767, C-17A, DC-8, L-100, L-188, L-1011, MD-11, MD
81/82/83/88/90, KC-135R/T, E-8C, X-32, X-35, V-22, C-135C
(Serial No. 61-2669), B-1B (Left APU only), and B-2 (Right
APU only) aircraft and contractor commercial aircraft when
this procedure is approved in the carrier’s manual. The APU/
GTC will not be used during fueling operations on aircraft not

specifically listed above. The following precautions apply dur-
ing this operation:

a. If the aircraft is not equipped with an integral APU fire
fighting system, one individual shall remain outside the
aircraft within 20 feet of the APU/GTC compartment
exhaust with a 150-pound Halon 1211 fire extinguisher.
(Refer to Table 3-1.)

b. One person shall remain located at the APU/GTC con-
trols at all times during fuel servicing operations. The
APU controls can be either in the cockpit or on an APU
ground control panel. A person is not needed in the
cockpit if the APU:

(1) Has automatic shutdown capability for an overheat
or fire condition.

(2) Has an on-board fire extinguishing system.

(3) Has an audible fire alarm that can be heard outside
the aircraft.

(4) Ground control panel has the capability to manually
shutdown the APU and discharge the fire extinguish-
ing system. For B-1B aircraft, the APU/panel opera-
tor shall be positioned to ensure immediate access to
the APU controls and fire fighting agent discharge
switch.

c. Cockpit personnel, CSS or fuel servicing supervisor,
and the servicing crew at the SPR panel shall be in
constant voice contact to ensure shutdown of the APU/
GTC in case of an emergency and to ensure discharge of
the fire-extinguishing agent in case of an APU/GTC fire.

d. Except for C-17 aircraft, fuel-servicing sources will not
be located within 50 feet of any operating APU/GTC.
Fuel sources can be within 50 feet of an operating C-5
APU as long as the sources are on the opposite side of
the running APU. An aircraft APU/GTC can be running,
if authorized above, but must not be started during fuel
servicing operations.

e. The APU/GTC must be started and running in a stable
condition prior to pressurizing the refueling hose or pan-
tograph.

4.6  INITIAL FILLING OPERATIONS OF AIRCRAFT
WITH FOAM FILLED FUEL TANKS.

Numerous internal flash fires have occurred within aircraft
blue foam filled tanks during refueling. In some cases, there
were no audible sounds or immediate indications that an inci-
dent had occurred. These incidents are mainly due to electro-
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static ignition of the volatile fuel/air mixture during initial
filling operation. Fuel flowing through reticulated urethane
foam at high velocities can generate sufficient electrostatic
charge to produce incendiary spark discharges within aircraft
fuel tanks. A fuel conductivity additive is now added to all JP-
4 and JP-8 fuels to minimize the generation of static charges.
However, initial filling must still be accomplished at a reduced
flow rate when fueling new or recently repaired aircraft blad-
der tanks that are in a vapor-free condition. Refer to the appli-
cable -2 series technical orders for more complete information.

NOTE

The fuel servicing supervisor shall notify the refuel-
ing operator when reduced fuel flow is required.

a. Reduced flow rate refueling procedures will be used
when fuel-servicing vehicles are the pumping source.
When installed hydrant systems are used, only one
hydrant pump will be activated. These procedures shall
be followed until the tanks are full or at the level
directed by the mission.

b. These procedures apply to all Air Force owned aircraft
and any non-Air Force aircraft, meeting the above fuel
cell/tank conditions, being refueled on an Air Force
base.

4.7  FILLING FUEL SERVICING VEHICLES FROM
HYDRANT SYSTEMS.

Refueling units are sometimes filled on the flight line. This is
accomplished by positioning a hose cart or hydrant servicing
vehicle on an available hydrant outlet and assigning a quali-
fied fuel specialist to fill refueling units. The distance criteria
established for aircraft refueling in Table 3-2 apply. Proce-
dures established in TO 37A2-2-4-1CL-1, Appendix B, or
36A12-13-31-1CL-1 shall be followed.

4.8  SERVICING IN AIRCRAFT ALERT, HARDENED/
PROTECTIVE AIRCRAFT SHELTERS (HAS/PAS), OR
FLOW THROUGH REVETMENTS (FTR).

For emergency situations, immediately accomplish
the following:

• Cease all operations. 

• Notify the fire department. 

• Use available fire extinguishers when needed. 

• Evacuate nonessential personnel from the area. 

• Open Hardened/Protective Aircraft Shelter doors.

When servicing in aircraft alert, HAS/PAS shelters, or FRS,
the following applies:

a. Aircraft may utilize CSO procedures as approved by
SSEA for simultaneous operations. MDS specific tech-
nical order procedures for aircraft reconfiguration, ser-
vicing, inspections, and munitions loading/unloading,
will be followed. Only those activities specifically
authorized in aircraft technical orders will be performed
in conjunction with aircraft servicing. Servicing opera-
tions inside shelters/FRS present a greater degree of risk
than the same operations conducted outside on open
ramp. 

NOTE

The adjacent aircraft parking criteria (paragraph 3.8)
does not apply to FTR since the revetment wall mini-
mizes the probability of spreading of fire or explo-
sion. 

b. The fuel servicing safety zone criteria shall be complied
with. Refueling will not start until all nonessential per-
sonnel and equipment have been removed from the area.
During servicing operations, restrictions will be placed
on the entry of nonessential personnel or equipment into
the servicing area. During CSOs powered support
equipment, i.e., munitions loaders/jammers, may pass
underneath aircraft fuel vent outlets but must not stop or
be parked under the fuel vent outlets during fuel servic-
ing portions of CSOs.

c. A communications system or portable radio must be
available and operational. Refer to Chapter 3 for servic-
ing constraints.

d. The fuel-servicing vehicle will be positioned outside the
shelter and at the maximum hose length from the air-
craft unless otherwise specified in this technical order.
Fire protection equipment requirements shall be avail-
able as specified in Table 3-1. Operations will cease
during any fuel spill and will not resume until the spill
has been removed or neutralized and the area has been
determined safe.

e. All powered vehicles or equipment not involved in the
servicing operation shall be shut down and parked in an
area that will not obstruct the operation. When powered
support equipment is required for the fuel servicing
operations, the equipment should be positioned outside
the shelter when possible. If the equipment cannot be

4-8

J4ENEMAG
NEW FUEL SYSTEMS MAINTENANCE HANGAR                                                       ELM179DACA85-02-R-0009, AMENDMENT R0016

J4ENEMAG
       APPENDIX 12        Page 38



TO 00-25-172

positioned outside, it may be positioned inside, how-
ever, all aircraft entry doors must remain open. 

f. Electrical systems shall be Class I Division 1 (Zone 1)
below the floor and Class I Division 2 (Zone 2) above
the floor to height of the highest door or roof which ever
is lower. In the case of existing shelters and FTRs that
do not meet these criteria, required shelter/FTR electri-
cal systems must be activated prior to refuel/defuel
operations and left unchanged. Ceiling lights may be on,
but all other nonessential electrical systems must be off.
Electrical convenience outlets (wall socket plugs) will
not be used during fuel servicing operations.

g. The fueling supervisor shall be prepared for immediate
removal of the refueling equipment where rapid evacua-
tion and/or alert reaction may be required.

Refueler vehicle engine should not be operated more
than 20 minutes when aircraft entry doors are closed.
When aircraft entry doors are closed, the shelter air-
craft can be refueled inside a completely closed shel-
ter. Crew members conducting in-shelter refueling
with shelter doors completely closed should be limit-
ed to four per duty day and should have at least a
sixty minute period of low or no fuel vapor exposure
between refueling aircraft in a closed shelter.

h. Shelter doors will remain open during fuel servicing.
However, HAS/PAS doors can be closed only when all
of the following apply:

(1)  Exercise/contingency/wartime situation

(2) Aircraft engines not running (cold refuel operation)

(3) Fuel servicing equipment is inside the shelter

i. Fuel servicing vehicles will not be backed into shelters
until a chock is placed to stop the vehicle in case of
brake failure and a spotter is in position to direct move-
ment.

j. Aircrew members may remain in shelters/FTRs during
CSOs.

4.9  UNIQUE REQUIREMENTS WHEN SERVICING IN

HARDENED/PROTECTIVE AIRCRAFT SHELTERS
(HAS/PAS).

a. If a HAS/PAS does not meet HQ USAF approved elec-
trical standards of the National Electrical Code for Class
I, Division 2 (Zone 2) hazardous locations, the follow-
ing conditions/restrictions apply:

(1) The electrical power and wall/underling lights may
be energized (left on) in second and third generation
HAS/PAS when aircraft are placed on shelter center-
line in either a nose-in or nose-out configuration.
Electrical circuitry and switches shall be placed in
their required operational positions and no changes
made during fuel servicing operations.

(2) For first and modified first generation HAS/PAS
with aircraft placed on shelter centerline in either a
nose-in or nose-out configuration, all electrical
power that can reasonably be de-energized as
defined by MAJCOM operating procedures shall be
turned off. Wall/under-wing lights may be energized
(left on) if the MAJCOM is willing to accept the
increase in risk by having aircraft fuel vent outlets in
close proximity to the non-hazardous area electrical
distribution system and potential ignition source.
Positioning of electrical circuits and switches shall
not be changed during fuel servicing operations. 

(3) In second or third generation HAS/PAS, the place-
ment of aircraft off centerline to support double-stuff
conditions increases the level of risk for fuel servic-
ing operations to the approximate equivalency of
operations in a first or modified first generation
HAS/PAS and would require the same restrictions.

b. Fuel servicing vehicles may be positioned inside or out-
side of shelters. When positioned inside they will be
backed into the shelter on the right or left side of the
aircraft. Except during nose-in or double-stuff condi-
tions, the nearest part of the fuel-servicing vehicle must
not be closer than 3 feet from the shelter wall or door.
(R-11 fuel servicing vehicles are exempt from the mini-
mum 3 feet clearance requirements for nose-in, nose-
out, and double-stuff conditions.) Whether one or more
aircraft are parked within a HAS/PAS, the FSSZ must
be strictly enforced during servicing operations.

4.10  FOUR BASIC TYPES OF HAS/PAS ARE SHOWN
IN FIGURE 4-1. 
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 Figure 4-1.  Hardened/Protective Aircraft Shelter Examples
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4.11  AIRCRAFT FUEL SERVICING IN TYPE A/F
37T10/11 HUSH HOUSES (ENCLOSED AIRCRAFT/
ENGINE NOISE SUPPRESSOR SYSTEMS).

NOTE

• Aircraft will be fully fuel serviced before being
placed inside hush houses for engine test runs.

• These procedures are provided ONLY to be used
on an exception basis, i.e., only after a fully fuel
serviced aircraft has undergone engine test runs
and was not able to be completed because of fuel
depletion. These procedures are provided only for
the purpose of alleviating the necessity to tow an
aircraft 50 feet outside a hush house to accomplish
fuel servicing before continuing the engine test
runs. These procedures are NEVER to be used just
for convenience’s sake.

• Fuel servicing vehicles may be positioned outside
or inside of hush houses for fuel servicing opera-
tions. R-9, and R-11 fuel servicing vehicles shall
only be backed into hush houses using a spotter
and a pre-positioned chock. Place the fuel-servic-
ing vehicle parallel to the aircraft fuselage at ap-
proximately the one to two o’clock or the ten to
eleven o’clock position from the aircraft’s cockpit
(depending upon the location of the aircraft refuel-
ing receptacle).

In the event fuel servicing of an aircraft is required while
located in a Type A/F 37T10 or 11 Hush House, the following
procedures will apply:

a. All other operations in hush house will cease during the
fuel servicing operation.

b. All powered vehicles or equipment not involved in the
servicing operation shall be shut down and parked in an
area that will not obstruct the operation. When powered
support equipment is required for the fuel servicing
operations, the equipment should be positioned outside
the shelter when possible. If the equipment cannot be
positioned outside, it may be positioned inside. All sup-
port equipment normally used in hush house can remain
in place provided electrical power is turned ‘‘OFF’’ and
secured. 

c. All personnel doors located on control room side of
hush house will be closed. All other doors will be
‘‘FULLY OPEN’’ during fuel servicing operations.

d. All floor drains will be unobstructed.

e. Standby water flushing hoses will be readily available
and maintained in good serviceable condition.

f. All electrical power will be turned ‘‘OFF’’ and secured
to prevent activation during fuel servicing operations in
hush houses manufactured by the following companies
and having the following serial numbers:

(1) Aero Systems Engineering – Serial Numbers 001
thru 023.

(2) Industrial Acoustics Corporation - Serial Numbers
201 thru 207.

(3) Cullum Detuners Limited – Serial Numbers 301 thru
313.

g. The following hush houses were designed and installed
with all electrical conduit and equipment in the interior
of the hush house test bay and equipment room to meet
the requirements of the National Electrical Code for
Class I, Division 1 (Zone 1) hazardous locations up to a
height of 4 feet and Class I, Division 2 (Zone 2) hazard-
ous locations from 4 feet up to a height of 12 feet.
Electrical power does not need to be turned ‘‘OFF’’ dur-
ing fuel servicing operations in these following hush
houses, if being maintained according to the design
specifications as listed above when manufactured by the
following companies and having the following serial
numbers:

(1) Environmental Elements Corporation - Serial Num-
bers 101 thru 199 and 501 and 502.

(2) Industrial Acoustics Corporation - Serial Numbers
208 thru 299.

4.12  FUEL SERVICING EXPLOSIVES LOADED AIR-
CRAFT.

An aircraft is considered ‘‘explosives-loaded’’ when munitions
or explosives are carried either internally or externally (includ-
ing nuclear weapons). The term does not include explosive
components of aircrew escape systems or pyrotechnics
installed in survival and rescue kits and other components
identified in TO 11A-1-33.

a. During initial generation an aircraft should normally be
refueled before being loaded with either nuclear or non-
nuclear munitions to reduce the severity of a mishap.

b. Fighter or bomber explosives-loaded aircraft returning
from a mission may be refueled at locations meeting
acceptable quantity-distance (Q-D) criteria when the
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munitions aboard are SAFED according to the specific
aircraft -33-1-2 munitions loading manual.

c. Cargo aircraft loaded with transportation-configured
explosives may be refueled at aircraft explosives cargo
parking areas, commonly called hot cargo pads.

d. Fighter or bomber nonnuclear explosives-loaded aircraft
may be hot refueled when authorized in Table 6-1 and
the munitions aboard are SAFED according to the spe-
cific aircraft -33-1-2 munitions loading manual.

4.13  FUEL SYSTEM MAINTENANCE FACILITIES.

Aircraft fuel servicing is permitted in fuel system maintenance
facilities (fuel cell) complying with the facility requirements
of TO 1-1-3.

4.14  FUEL SERVICING IN HANGARS AND OTHER
FACILITIES.

AFOSH STD 91-38, Hydrocarbon Fuels - states: ‘‘Aircraft
will not be fueled or defueled inside any hangar other than
those facilities approved through a system safety engineering
analysis (SSEA) conducted according to the instructions in TO
00-25-172.’’ Shelters, FTRs and hush houses are addressed
separately in this TO. A ‘‘universal SSEA’’ conducted by
AFMC/SES in August 1996 determined that aircraft fuel ser-
vicing operations can be conducted in hangars and similar
facilities where aircraft engines are started inside and the air-
craft taxies out flight ready as long as the facilities have the
following provisions in good working order:

a. The facility is separated from other maintenance facili-
ties as a separate building or does not have walls of less
than a three-hour fire resistive construction.

b. The facility has a ventilation system capable of remov-
ing accumulations of fuel vapors during normal servic-
ing. Personnel must not be exposed to fuel vapors
beyond maximum exposure limits. (There are no estab-
lished ventilation requirements from a fuel vapor igni-
tion standpoint.) Individual suction devices located at
the aircraft fuel vent outlets are desired, but are not
required.

c. The facility must have a drainage system capable of
handling and removing a fuel spill of at least 300 gal-
lons.

d. The facility must have an installed automatic foam-
water fire suppression system.

e. The facility electrical provisions must be designed for
Class I, Division 1 (Zone 1), hazardous locations below
floor/grade level.

f. For servicing with high flash point fuels (JP-5, JP-8,
JET A, JET A-1, and diesel), the facilities must have
Class I, Division 2 (Zone 2), electrical provisions up to
18 inches above the floor/grade level, and the area
within five feet horizontally from aircraft engines, auxil-
iary power units, fuel tanks, and fuel vent outlets and
extending from the floor to a level of five feet above the
upper surface of the wings, engine enclosures, and fuel
tank vent outlets.

g. A separate tabletop SSEA is required for servicing with
low flash point fuels (JP-4, JET B, AVGAS, and
MOGAS). As a minimum, Class I, Division 2 (Zone 2),
electrical provisions will be required from the floor/
grade level up to the facility ceiling lights.

h. Other aircraft cannot be inside the facility at the same
time. Support equipment will not be powered unless it is
essential for the fuel servicing operation. Nonessential
personnel will be removed from the facility.

i. The fuel source (e.g., truck, hose cart) can be inside the
facility but must use a deadman control unit. The air-
craft fuel vent outlets must be continuously visually
monitored during fuel servicing.

j. There are no additional restrictions for munitions-loaded
aircraft.

NOTE

If a facility does not meet all of the above require-
ments, fuel servicing cannot be conducted unless a
separate SSEA is accomplished for that facility. Table
4-2 lists specific hangars and other facilities that have
been approved for aircraft fuel servicing via individu-
al SSEAs.
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4.15  OXYGEN SERVICING.

The Air Force uses several grades of oxygen, based on its
purity, moisture content and whether or not it is in liquid or
gaseous forms. Type II oxygen is supplied for aircrew use.
Quality control procedures are outlined in TO 42B6-1-1.

a. Gaseous oxygen (O2) is a colorless, odorless, tasteless
gas, slightly heavier than air. It is not flammable; how-
ever, it will support the rapid combustion of most mate-
rials. It reacts violently with petroleum products such as
jet fuel and lubricants if an energy source such as a fire
or spark from static electricity is present. When oxygen
combines with fuels such as hydrazine there may be a
hypergolic reaction (no heat necessary, and will sponta-
neously ignite.) Gaseous oxygen must therefore be con-
sidered dangerous.

b. Liquid oxygen (LOX) is a pale blue liquid, which exists
in the liquid state only at an extremely low temperature
(-182.5ºC or -297ºF). It is not flammable; however, it
will support the rapid combustion of most materials. If
an energy source is present, it reacts violently with
petroleum products such as jet fuel and lubricants. Liq-
uid oxygen must therefore be considered dangerous.

c. Gaseous oxygen carts having cylinders installed on
them will be considered in storage when cart is parked

and not in use, and shall fall under the same require-
ments as stated in TO 42B5-1-2. If stored in the open,
they must be protected from extreme weather conditions
in accordance with TO 42B5-1-2. Oxygen servicing
equipment shall be kept clean and free of moisture, oil,
and grease at all times. Use only approved anti-seize
tape for oxygen servicing fittings because of the temper-
atures, pressures, and fire hazards involved. Do not park
oxygen carts in areas that are sodded, grassy, or asphalt
covered. (Exception: LOX carts may be temporarily
parked on asphalt, provided that drip pans, used exclu-
sively for LOX servicing, are placed under the overflow
vent of the cart.) Do not park LOX carts containing
LOX in hangars, nose docks, or other buildings unless
specifically designed or modified and set up for the stor-
age and/or maintenance of such equipment. The follow-
ing distance criteria for the parking or storing of LOX
carts containing LOX and oxygen bottle carts containing
gaseous oxygen applies:

(1) Twenty-five feet from any structures having fire
resistant or non-combustible exterior walls or with
automatic fire extinguishing systems.

(2) Fifty feet from any combustible structure or sources
of ignition, such as heavy traffic areas, areas where
equipment is in operation and smoking areas.

Table 4-2.  Specifically Approved Hangars and Other Facilities

LOCATION FACILITY DATE

Whiteman AFB MO B-2 Maint Docks July 1988

Elmendorf AFB AK Hangar 17 May 1996

Great Falls MT Bldg 38 (Montana ANG) August 1996

Eielson AFB AK Bldgs 1277, 1288, 1335, and 1338 August 1997

Hancock Field ANGB NY New Aircraft Weather Shelters December 2000

Fargo AFB, ND Temporary A/C Alert Shelters April 2002

Hill AFB, UT Big Top Shelters February 2002

Travis AFB, CA Big Top Shelters July 2002
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(3) Seventy-five feet from parked aircraft and twenty-
five feet from FSSZ’s.

Grounding/Bonding clamps/plugs shall not be al-
lowed to drag across the ramp. Clamps/plugs shall be
carried to reels on equipment.

NOTE

LOX carts shall be parked with the vent valve open
and transported with the vent valve closed. LOX and
gaseous oxygen carts need not be grounded.

d. The following general guidance applies to both gaseous
and liquid oxygen servicing. Specific information cover-
ing gaseous oxygen servicing is addressed in paragraph
4.16 and liquid oxygen servicing in paragraph 4.17.

Do not allow oxygen to contact petroleum products
as fire/explosion may result.

(1) Those persons not directly involved in oxygen ser-
vicing operations shall stay outside the 20-foot
radius of the liquid oxygen servicing safety zone.
Servicing personnel will insure that their hands, feet,
clothing, etc., are clean and free of petroleum base
products. In addition, servicing personnel shall wear
personal protective equipment required for either
gaseous or liquid oxygen servicing.

(2) Do not commence oxygen servicing if aircraft elec-
trical systems are energized (except those required
for servicing). In addition, do not perform oxygen-
servicing concurrent with fuel, oil, water-alcohol,
hydraulic fluid, environmental fluid or hydrazine
servicing or maintenance on systems containing
these hydrocarbon products. Oxygen servicing con-
nectors must be examined prior to servicing and any
traces of petroleum products removed prior to ser-
vicing operations.

(3) Only qualified personnel shall operate oxygen equip-
ment or service aircraft systems.

(4) The mobile servicing unit or bottles used to service
aircraft or components shall be carefully positioned
and shall not be left unattended after hook-up.

(5) Do not service aircraft with oxygen within 50 feet of
taxiing aircraft (measured from the wing tip or clos-
est point of taxiing aircraft to the pressurized oxygen
servicing equipment). Aircraft parked adjacent to an
aircraft being oxygen serviced shall not have engine
runs performed unless the closest point of the adja-
cent aircraft is more than 50 feet from the pressur-
ized oxygen servicing equipment.

(6) Aircraft oxygen systems (both gaseous and liquid)
shall be emptied/drained prior to entering a major
maintenance cycle at either an Air Logistics Center,
Contract Repair Facility, or Contract/Depot Field
Team location.

4.16  GASEOUS OXYGEN SERVICING.

• Do not direct gaseous oxygen toward body or
clothing. Serious injury or death may result from
the high energy of compressed gas and/or fire be-
cause of the rapid burning or explosive tendencies
of organic materials in the presence of pure oxy-
gen. 

• When servicing low-pressure oxygen systems, the
maximum pressure regulator valve setting shall be
475 psig. A relief valve preset at 475 psig shall be
installed on the low-pressure side of all oxygen
service carts. Carts not so equipped shall not be
used. 

• Make sure oxygen servicing components are com-
pletely free of petroleum-based products, such as
greases or solvents.

• To avoid heating by sudden compression, open and
close all high-pressure oxygen valves slowly. If
two valves are to be opened, open the down-stream
valve first. Valves may be closed in any order.

NOTE

When utilizing multi-bottle oxygen servicing carts,
use only one bottle at a time. Opening more than one
bottle at a time could equalize all bottles opened.

a. The oxygen-servicing units are equipped with two pres-
sure gauges. One gauge indicates pressure of the servic-
ing cylinders and the other gauge indicates the pressure
of the oxygen being transferred into the aircraft. Gradu-
ally increase the delivery pressure until the gauge on the
low side of the unit regulator indicates 425 psig. After
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the flow to the aircraft system has stopped, the gauge on
the cart should indicate pressure of the aircraft system.
A final check should then be made by checking the
gauge at the oxygen regulator in the aircraft.

b. Eye protection (safety goggles, safety glasses with side
shields, or face shield) shall be worn by personnel per-
forming oxygen servicing at aircraft connection point.

c. On carts with a steel braided servicing hose, the hose
serves as the bond between the cart and the aircraft. Use
a bond wire if the servicing hose is not steel braided.

d. Personnel shall observe aircraft oxygen gauges at all
times during servicing operations to prevent overfilling
of tanks.

NOTE

If the aircraft oxygen system gauges can be observed
to prevent overfilling while stationed at the oxygen-
servicing unit, such as T-37 aircraft, one person can
accomplish the servicing.

e. Personnel shall be stationed at the oxygen servicing unit
at all times during servicing operations to shut off unit
valves immediately upon receiving a command from the
personnel watching the aircraft system gauges.

Change 1 4-14.1/(4-14.2 blank)

J4ENEMAG
NEW FUEL SYSTEMS MAINTENANCE HANGAR                                                       ELM179DACA85-02-R-0009, AMENDMENT R0016

J4ENEMAG
       APPENDIX 12        Page 45



J4ENEMAG
NEW FUEL SYSTEMS MAINTENANCE HANGAR                                                       ELM179DACA85-02-R-0009, AMENDMENT R0016

J4ENEMAG
       APPENDIX 12        Page 46



TO 00-25-172

4.17  LIQUID OXYGEN SERVICING.

Liquid oxygen servicing refers to a LOX bottle exchange on
the aircraft or a LOX cart servicing operation. LOX cart ser-
vicing of an aircraft is not allowed during a CSO. For servic-
ing with a LOX cart, the following procedures apply:

• Do not allow LOX to contact petroleum products
as fire or explosion may result.

• LOX will freeze and seriously damage human skin
tissue upon contact. 

• If LOX spills on asphalt or concrete expansion
joint sealant, stop servicing or other operations
within a 20-foot radius of spilled area. Do not walk
or roll equipment over area of spill for at least 30
minutes (minimum) and until all frost and fog ap-
pearance has disappeared.

NOTE

Do not attempt to rewarm parts of the body that have
been frozen by contact with liquid oxygen. Prevent
further injury to the frozen area. Transport immedi-
ately to the emergency room of the nearest medical
facility.

a. Fire Protection. Ensure a serviceable 150-pound
wheeled Halon 1211 fire extinguisher or equivalent is
placed within 50 feet of the LOX servicing operation.

When servicing LOX in an exercise or training envi-
ronment, chemical warfare defense ensembles and
other chemical warfare suits, including chemical war-
fare masks, will not be worn, even underneath other
coverings; they must be removed prior to LOX flow
and not be donned until the lines are disconnected.

b. Protective Clothing and Equipment. When transferring
LOX, personnel shall wear headcovering, face shield
(NSN 4240-00-542-2048), gloves, leather, welder’s
gauntlet cuff (Federal Specification KKG486, Type II)
(NSN 8415-00-268-7860) medium with gloves, cloth,
work, cotton knit (MIL-G-1057E) (NSN 8415-00-964-
4760) medium as an insert; or gloves, leather (NSN
8415-00-268-7871) with glove inserts, wool (NSN
8415-00-682-6673), apron (NSN 8415-00-082-6108),

coveralls, cotton white (Mandatory) (NSN 8405-00-
037-9274), cuffless trousers, long sleeve shirt, jacket,
(Optional) and shoes which fit closely around the top,
with rubber soles and heels. All items shall be clean and
free of grease, oil, and fuel.

NOTE

• The above NSN data is for gloves sized ‘‘medi-
um.’’ Other sizes may be ordered as required, but
all sizes must meet the criteria of the federal speci-
fication and military specification identified above.

• A BDU cap is recommended as head covering
when LOX servicing connections are above eye
level since it would afford more protection than
the adjustable style cap with open back, typically
worn as organizational head covering. Mesh caps
are not authorized. 

• The wool glove insert and cotton knit cloth work
gloves used as inserts can be used interchangeably
with either welders gauntlet cuff leather gloves or
leather gloves specified above.

• A leather boot approximately 8 inches in height
with close fitting top and rubber sole and heel is
recommended, since LOX spills normally subject
one’s foot area to a freeze burn exposure hazard.
This type foot-wear when equipped with a hard
protective toe area is generally classified as a safe-
ty shoe or boot.

c. The LOX cart servicing hose provides the bond between
the cart and the aircraft.

Drip pans shall be kept clean and not be utilized for
any purpose other than LOX servicing. Any residual
LOX in drip pan should be allowed to boil off and
not be poured off.

d. Service area shall be well ventilated, free of oil, grease,
and fuel vapors.

e. A drip pan shall be placed under oxygen overflow vents
to prevent contact of the LOX with oil or grease, which
may be on the ramp.

f. Should a control valve become clogged with ice, thaw
with water.
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g. LOX servicing equipment should be purged to make
sure no moisture is introduced into a liquid oxygen sys-
tem and there is no moisture in or on filler fittings,
nozzles, or valves where it may enter the aircraft system
during servicing operations. When servicing several air-
craft, one immediately after the other, the LOX servic-
ing equipment need only be purged prior to first
servicing operation.

h. Before filling the aircraft system, insure that the pres-
sure relief valve on the LOX supply tank is operating
properly.

i. A steady drip from the servicing nozzle aircraft filler
valve connection that can be contained in a drip pan is
acceptable. The drip can sometimes be eliminated by
holding the hose, thereby removing the downward ten-
sion from the connections.

j. Leaks which result in LOX running down the servicing
nozzle or the side of the aircraft or which result in LOX
spraying from the connections are dangerous. Leakage
from any component or connection is a potentially dan-
gerous situation.

NOTE

Present aircraft liquid oxygen servicing connections
cannot be made absolutely leak tight because of basic
design deficiencies. Valves should not be discarded
solely because of leaking connections. Perform a leak
check on the female filler valve in accordance with
TO 37C2-4-6-13 or TO 37C2- 4-6-21 as appropriate.

k. The oxygen-servicing unit shall be disconnected from
tow vehicle and located at the maximum distance from
the aircraft permitted by the hose length. Hoses shall be
kept free of kinks and sharp bends at all times. LOX
hoses shall be drained and capped immediately after
use.

4.18  LIQUID OXYGEN SERVICING IN AIRCRAFT
SHELTERS/FTR.

The following applies when servicing LOX in a shelter/FTR:

a. A dedicated shelter/FTR may be used to fill converters
removed from aircraft parked elsewhere. Follow proce-
dures outlined in paragraph 4.17. Do not perform other
operations in the same shelter/FTR.

b. To service the aircraft themselves in individual shelter/
FTR without converters being removed, stop other oper-
ations until the LOX servicing is completed and the

LOX cart removed. Follow procedures outlined in para-
graph 4.17.

c. LOX cart servicing is not permitted during CSOs.

d. No electrical switches will be operated.

e. No other operations or maintenance will take place in
the shelter/FTR.

f. The aircraft will be safed for CSO/maintenance.

g. No floor drains, traps, or other below floor areas will be
within 20 feet of the LOX servicing operation. If drain
channel is clean, underfloor weapons storage vault is
exempt. MAJCOM may exempt F-15 first generation
shelter guide rails as long as the rail channels are free of
all hydrocarbons and rails are placed down in stowed
position during LOX servicing (except those next to
main landing gear).

h. All puddled or wet hydrocarbons are cleaned from shel-
ter floor.

i. No non-LOX personnel or ignition sources are allowed
within 20 feet of LOX servicing operation.

j. LOX cart will not be stored in shelter/FTR. LOX cart
should be stored outside shelter/FTR in a separate splin-
ter-protected location.

k. Following LOX servicing, LOX cart is removed from
shelter then depressurized. 

l. Clean, dedicated LOX drip pans or collection devices
will be used to catch LOX. Flat floor pans (when used)
should be at least 3 feet x 2 ½ feet x 3 inches.

m. Aircraft specific LOX servicing procedures are used.

n. Except for combat, the shelter doors will be positioned
as follows (minimum):

(1) Alert shelters will have at least one aircraft door
open

(2) First generation HAS/PAS. The exhaust door and
one aircraft entry door will be fully open.

(3) Modified first generation HAS/PAS. The shelter
door will be open to the shelter centerline and
exhaust door will be fully open.

(4) Second/Third generation HAS/PAS. One aircraft
entry door may be fully opened or each aircraft entry
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door may be opened 10 feet (20 feet total). One
exhaust door will be fully open.

4.19  NITROGEN SERVICING.

Nitrogen is used in pressure-operated equipment to expel other
gases from their cylinders and for purging tubes and lines.
Quality control procedures are outlined in TO 42B7-3-1-1.

a. Gaseous nitrogen (N2) is a colorless, odorless, tasteless
gas, slightly lighter than air. It is inert and does not react
with other substances nor will it support combustion.

b. Liquid nitrogen (LIN) is a colorless, odorless liquid,
which exists in the liquid state only at extremely low
temperature (-196ºC or -320.8ºF).

c. The following general guidance applies to both gaseous
and liquid nitrogen servicing. Specific information cov-
ering gaseous nitrogen servicing is addressed in para-
graph 4.20 and liquid nitrogen servicing in paragraph
4.21. It is not necessary to ground or bond nitrogen
servicing carts.

(1) Those persons not directly involved in nitrogen ser-
vicing operations should stay outside a 20-foot
radius of the servicing point. Servicing personnel
shall wear personal protective equipment required
for either gaseous or liquid nitrogen servicing.
Although nitrogen is an inert gas, it is advisable that
servicing personnel keep their hands, feet, clothing,
etc., clean and free of petroleum base products.

• Do not direct gaseous nitrogen toward body or
clothing. Serious injury or death may result from
the high energy of compressed gas. 

• Nitrogen can dilute and displace oxygen in a con-
fined space or pit to a point where life support is
endangered. Nitrogen shall therefore be used only
in well-ventilated areas or where personnel are us-
ing self-contained breathing apparatus.

(2) Only qualified personnel shall operate nitrogen
equipment or service aircraft systems.

4.20  GASEOUS NITROGEN SERVICING.

Nitrogen servicing units are equipped with two pressure
gauges. One gauge indicates pressure of the servicing cylin-
ders and the other gauge indicates the pressure of the nitrogen

being transferred into the aircraft. Gradually increase delivery
pressure into the aircraft system(s). After the flow to the air-
craft system(s) has stopped, the gauge on the cart should indi-
cate pressure in the aircraft system(s). A final check should
then be made by checking the aircraft gauges.

a. If nitrogen gas is used to inflate aircraft tires, Class I
(water pumped) nitrogen shall be used. Class II (oil
pumped) nitrogen may cause an oil film to build up on
the inside of the tire, soaking the rubber. Class II nitro-
gen will not be used for tire servicing. If compressed air
is used later to inflate the tire, a combustible mixture is
produced within the tire by the oil film in contact with
compressed air. 

b. If the aircraft system or component pressure gauge can
be observed and the service pressure can be controlled
at the point of service, only one person is required to
service gaseous nitrogen. If this combination does not
exist, two people will be required to service gaseous
nitrogen. Safety goggles, safety glasses with sideshields,
or face shield shall be worn by nitrogen servicing per-
sonnel.

c. When moving the nitrogen-servicing trailer, all valves
except vent valves shall be closed and shall not be
opened until the trailer is in the working area.

d. The servicing hose shall never be tightly stretched to
reach a connection.

e. Nitrogen servicing units or bottles shall be positioned to
prevent accidental damage to the aircraft or equipment.

f. Nitrogen servicing equipment shall not be left unat-
tended after hook-up.

4.21  LIQUID NITROGEN SERVICING.

Protective clothing, equipment, and servicing procedures.

a. When transferring LIN, personnel shall wear head cov-
ering, face shield (NSN 4240-00-542-2048), gloves,
leather, welder’s gauntlet cuff (Federal Specification
KKG486, Type II, NSN 8415-00-268-7860) medium
with gloves, cloth, work, cotton knit (MIL G-1057E)
(NSN 8415-00-964-4760) medium as an insert; or
gloves, leather (NSN 8415-00-268-7871) with glove
inserts, wool (NSN 8415-00-682-6673), apron (NSN
8415-00-082-6108), cuff less trousers, long sleeve shirt,
jacket, or coveralls, cotton (NSN 8405-00-037-9274),
and shoes which fit closely around the top, with rubber
soles and heels. All items shall be clean and free of
grease, oil, and fuel.
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NOTE

• The above NSN data is for gloves sized ‘‘medi-
um.’’ Other sizes may be ordered as required, but
all sizes must meet the criteria of the federal speci-
fication and military specification identified above.

• A BDU cap is recommended as head covering
when LIN servicing connections are above eye
level since it would afford more protection than
the adjustable style cap with open back, typically
worn as organizational head covering.

• The wool glove insert and cotton knit cloth work
gloves used as inserts can be used interchangeably
with either welders gauntlet cuff leather gloves or
leather gloves specified above.

b. It is not necessary to ground or bond nitrogen servicing
carts.

c. Liquid nitrogen (LIN), when exposed to the atmosphere,
absorbs and liquefies oxygen. If the surface of the LIN
is slightly bluish, it is to be considered contaminated
with oxygen. In this case, the LIN shall require the same
handling procedures as LOX.

Drops or splashes of LIN will freeze skin tissue.

NOTE

Do not attempt to rewarm parts of the body that have
been frozen by contact with liquid nitrogen. Prevent
further injury to the frozen area. Transport immedi-
ately to the emergency room of the nearest medical
facility.

d. When LIN is being transferred from one container to
another, the receiving vessel shall be filled as slowly as
possible to minimize the thermal shock that occurs
when any material is quickly cooled.

e. When moving the LIN servicing unit, all valves, except
vent valves shall be closed and shall not be opened until
the unit is in the working area.

f. LIN servicing units shall be positioned to prevent acci-
dental damage to the aircraft or equipment.

g. LIN servicing equipment shall not be left unattended
after hook-up.

h. Should a control valve become clogged with ice, thaw
with water.

i. Insure that no moisture is introduced into a LIN system
and that there is no moisture in or on fittings, nozzles, or
valves where it may enter the aircraft system during
servicing operations.

j. Before filling the aircraft system, insure that the pres-
sure relief valve on the LIN supply tank is operating
properly.

4.22  HYDRAZINE SERVICING.

NOTE

Refer to AFOSH Standard 48-8 for hydrazine neu-
tralization and dilution guidance.

Hydrazine is a widely used industrial chemical and is very
corrosive and hypergolic. Hydrazine appears as a clear, oily
liquid having an ammonia-like odor. Since individual sensitiv-
ity to the odor may vary, and since prolonged exposure may
overcome sensory recognition, the odor cannot be relied upon
as an indication or warning of overexposure.

Skin contact with liquid hydrazine or exposure to
concentrations of hydrazine vapor present a serious
health hazard.

NOTE

Hydrazine is hazardous because it may enter the body
via lungs (breathing), gastrointestinal tract (swallow-
ing), or through the skin (absorption). Additionally,
there is a fire hazard present with hydrazine-water
mixtures. (See step c.)

a. Short Term (acute) Overexposure. If exposed to high
concentrations of hydrazine for short periods, dizziness,
nausea, or irritation of eyes, nose, throat, or lungs may
result. Liquid contact may cause skin burns. In very
high concentrations, unconsciousness may occur.

b. Long Term (chronic) Overexposure. If exposed to con-
centrations of hydrazine vapors above permissible expo-
sure limits over long periods, damage to kidneys and
liver may occur. Frequent skin contact with liquid
hydrazine may also result in damage to kidneys and
liver. A yellow discoloration of skin and eyes may be
apparent. Refer to AFOSH Standard 48-8 for a summary

4-18

J4ENEMAG
NEW FUEL SYSTEMS MAINTENANCE HANGAR                                                       ELM179DACA85-02-R-0009, AMENDMENT R0016

J4ENEMAG
       APPENDIX 12        Page 50



TO 00-25-172

of health effects and for guidance covering the handling
and use of hydrazine.

c. Fire Hazard. The 70 percent hydrazine and 30 percent
water mixture used in the F-16 EPU is a flammable
mixture. Fires involving hydrazine can be fought and
extinguished with common extinguisher agents. Water is
the preferred agent for fire suppression.

4.23  HYDRAZINE PROTECTIVE CLOTHING AND
EQUIPMENT.

Air-supplied respirators are required for those operations in
which engineering controls and work practices are not suffi-
cient to reduce exposure below the permissible exposure lim-
its. If respirators are used, they must meet the requirements of
AFOSH Standards 48-1 and 48-8. Because hydrazine can be
absorbed through the skin, it is necessary to wear approved
clothing during those situations where there may be contact
with the liquid. Protective clothing approved for handling
hydrazine is discussed in TO 14P3-11-1, Handling of Missile
Fuels and Oxidizers. Occupational health requirements are
outlined in AFOSH Standard 48-8.

4.24  HYDRAZINE HANDLING PROCEDURES FOR F-
16 AND U-2 AIRCRAFT INFLIGHT EMERGENCIES. 

If an F-16 or U-2 aircraft develops an in-flight emergency, it
may have to land at an airfield not equipped for F-16 or U-2
maintenance/servicing. In these situations, the Emergency
Power Unit (EPU) or Emergency Starting System (ESS) will
be secured to prevent inadvertent ground firing. Turnaround
support for the EPU or ESS will be provided by the home base
or by the nearest base with EPU/ESS support capability. The
F-16 is equipped with a highly reliable and quickly responsive
method of developing emergency electrical and hydraulic
power. A monopropellant (hydrazine) powered EPU is on
board the F-16 aircraft for this purpose. The U-2 is equipped
with a highly reliable method of starting the engine in flight,
should it stall. A monopropellant (hydrazine) powered ESS is
on board the U-2 aircraft for this purpose. Hydrazine, referred
to as H-70 (30 percent water and 70 percent hydrazine), is
highly toxic, corrosive, and considered a Class III C combusti-
ble in terms of AFMAN 91-201. Definite hazards are associ-
ated with H-70 and shall require unique support from qualified
home base personnel. The F-16 or U-2 pilot is thoroughly
knowledgeable of the peculiar requirements associated with
H-70. Non F-16 or U-2 bases shall require support from home
bases for recovery of F-16 or U-2 aircraft with an activated
EPU or ESS as follows:

a. General Guidance for Recovery, Isolation, and Support
of Aircraft After In-Flight Operation of the EPU. In-
flight operation of the EPU, as the result of electrical,
hydraulic, or engine failure will normally result in the

declaration of an in-flight emergency (IFE). Declaration
of an IFE, for these reasons, is a positive indication that
the EPU has operated in the hydrazine mode. After
landing, the aircraft shall be taxied clear of active run-
way(s) into an area of isolation, pending hydrazine sys-
tem integrity (H-70 leaks/spill) check.

b. At non F-16 or U-2 bases, the pilot, local base bioenvi-
ronmental engineer (BEE), and fire department person-
nel shall conduct a system integrity check as follows:

(1) Inspect the EPU overboard vent line (located at the
lower fuselage, center of MLG doors at forward
most portion), the area surrounding the EPU com-
partment, and the ground beneath for hydrazine leak-
age (clear oily liquid).

(2) Inspect the area around the ESS to include the H-70
detector pellet for evidence of leakage, and the
ground beneath for hydrazine leakage (clear oily liq-
uid).

Due to the toxic characteristics of hydrazine, person-
nel testing liquids for confirmation of hydrazine shall
be equipped with self contained breathing apparatus
as well as apron, gloves, and boots. Failure to comply
with this warning could result in personal injury or
death.

(3) Fire department personnel, equipped in full personal
protective equipment (PPE), or equivalent may use
Micro-Essential Laboratories litmus (PH) paper, cat-
alog number 46, located in the map case in the cock-
pit of each F-16 or U-2, to determine if the suspect
liquid is in fact hydrazine. If the litmus paper turns
purple, assume the liquid is hydrazine.

(4) If no leak is noted or a leak is confirmed as not
hydrazine, as determined above, the pilot will con-
tact home base and request turn around instructions.

4.25  TRANSIENT F-16 BASES/U-2 ENROUTE SUP-
PORT. 

Transient support will involve only confirmation of the status
of the EPU or ESS system (leaking or not leaking) and, if
leaking, isolation and containment to minimize harmful effects
of hydrazine.

a. Air Force Bases - Leaking EPUs or ESSs will be treated
like hazardous chemical spills and handled accordingly.
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b. Civilian Airports/Fields - The aircraft pilot will inform
local authorities of the hydrazine leak and advise cau-
tion in approaching the aircraft and recommend being
handled as a hazardous chemical spill.

4.26  HYDRAULIC AND OIL SERVICING.

In addition to the requirements outlined in aircraft -2 technical
orders, the following shall apply to hydraulic/oil servicing of
aircraft.

a. Servicing Equipment.

(1) Avoid spilling oil or hydraulic fluid on aircraft or
maintenance stands.

(2) Hand operated hydraulic and oil-servicing carts need
not be grounded during servicing operations.

(3) Position servicing equipment as far from any portion
of the aircraft as cables/hoses will allow. Mainte-
nance stands shall be properly positioned to obtain
easy access to filler caps.

Some USAF aircraft use a commercial hydraulic flu-
id, which is not compatible with standard Air Force
hydraulic fluids. Make sure that the aircraft technical
orders and TO 42B2-1-3 requirements are followed
to prevent contamination.

b. Servicing Containers.

(1) When servicing from cans or drums, ensure that
cleanliness and product integrity are maintained.

(2) Keep each product segregated and properly identi-
fied.

(3) Carefully read the label before dispensing oil and
hydraulic products to ensure the correct product is
being used.

4.27  DRUM AND CONTAINER SERVICING.

Drum and container servicing will be in accordance with the
following procedures:

a. Drum Fuel Servicing. When servicing aircraft and/or
ground support equipment/vehicles from drums, the
same grounding and bonding procedures used for air-
craft fuel servicing shall apply. The fuel should be in the
original sealed drum whenever possible. During emer-

gencies and/or combat situations, drums may be filled
with fuel by base fuels service personnel. Extreme care
must be taken to ensure drum cleanliness. Drums which
have previously contained chemicals, oils, or haloge-
nated hydrocarbons shall not be used for fuel.

(1) Water and sediment are often found in fuels stored in
drums. These contaminants must be removed prior
to servicing from drummed stock.

(2) Aviation fuel shall be passed through a filter or filter
separator prior to delivery into aircraft fuel tanks.
Before delivery to aircraft or equipment, test each
drum for water by using a drum sampling thief or
other siphoning device.

b. Fuel Collection Containers. Containers/bowsers will be
parked in a designated storage area approved by the
base fire department and included in the base environ-
mental protection plan. Parked fuel collection contain-
ers/bowsers need not be bonded unless draining or
filling operations are being accomplished. Do not use
plastic sheets to cover fuel bowsers, bladders, nor other
containers; the sheets can collect static electricity that
can discharge near fuel vapors. Oil or hydraulic fluids
will not be stored in containers/bowsers stenciled for
reclaimed fuel.

4.28  WATER, WATER-ALCOHOL, AND ENVIRON-
MENTAL FLUID SERVICING.

Cleanliness must be maintained in water, water-alcohol, and
environmental fluid servicing. Fluids must be kept free of sed-
iment at all times. Aircraft water servicing may be accom-
plished simultaneous with fuel servicing or oxygen servicing
provided the servicing equipment is moved into area and
bonded prior to the start of any one operation. In addition,
bonding wires must not be disconnected while any servicing
pressurization or transfer is in progress. Fuel servicing by
refueling trucks, hydrant hose carts or hydrant servicing vehi-
cles is authorized simultaneous with water servicing unless
there is a critical interference positioning problem with the
servicing vehicles. There are no restrictions on servicing an
aircraft with water during maintenance, cargo handling, or
passenger loading. 

a. Demineralized water is used for thrust augmentation in
some jet engines. Quality control requirements are cov-
ered in TO 42C-1-16.

(1) Demineralized water vehicle positioning for aircraft
servicing will be accomplished in accordance with
procedures in TO 36A12-13-1-131CL-1. The pre-
ferred method for all aircraft water servicing is to
position the water truck either forward or aft of the
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aircraft, perpendicular (90º) to the direction of the
fuselage.

(2) If ambient temperature is below 40ºF (5ºC), dem-
ineralized water will not be used in aircraft unless a
system is provided to heat water supply.

(3) Water servicing may be accomplished inside hangars
with Group Commander approval if servicing vehi-
cle is outside hangar or if full length of servicing
hose is used and hangar doors are open.

b. Environmental fluids consist of antifreeze and coolant
mixture of water, demineralized water, propylene glycol
and ethylene glycol. These fluids are primarily used in
cold weather operations to service coolant for radar
components.

(1) A ground liquid cooler cart, as described in TO
35E10-19-1 and TO 35E10-22-1, is used to service
some aircraft, e.g. E-3A. The mixture consists of 62
percent uninhibited ethylene glycol and 38 percent
reagent water (EGW).

(2) Environmental fluid servicing vehicle/cart position-
ing for aircraft servicing will be accomplished in
accordance with procedures for positioning fuel
vehicles. The fluid servicing vehicle/cart will be
bonded to the aircraft before hoses are connected to
aircraft.

Aircraft alcohol vapors are toxic and adequate venti-
lation must be provided in areas where alcohol is
handled. Never work in a confined area or space
without mechanical ventilation or respiratory protec-
tion. Most alcohols are flammable liquids.

c. Water-alcohol mixtures are used for thrust augmentation
in turbojet engines and for anti-detonation injection
(ADI) or internal coolant in reciprocating engines. Qual-
ity control requirements are covered in TO 42C-1-16.
Water-alcohol servicing vehicle positioning for aircraft
servicing will be in accordance with procedures in TO
36A12-13-1-131CL-1.

4.29  AIRCRAFT DE-ICING. 

De-icing fluid can be applied to an aircraft with any or all of
its engines operating as long as the following apply:

a. Personnel and equipment must remain outside the indi-
vidual aircraft engine danger areas.

b. Avoid spraying any de-icing fluid into any engine
intakes, aircraft ventilation, environmental control sys-
tem (ECS) air inlets or Jet Fuel Starters (JFS) inlet and
exhaust areas.

c. Do not apply de-icing fluid during any fuel servicing
operations.

d. Do not apply de-icing fluid when any LOX equipment is
within 25 feet. (De-icing fluids can be applied to aircraft
having installed LOX converters as long as the access
doors are closed.)

4.30  AIRCRAFT TIRE SERVICING.

The following general guidance applies to all aircraft installed
tire inflation operations in excess of 50 psi.

a. Servicer shall comply with specific operating instruc-
tions and safety precautions prescribed for aircraft being
serviced and inflating tools and servicing units being
used.

b. Impact resistant safety goggles or impact resistant safety
glasses with sideshields shall be worn by the tire ser-
vicer.

c. The nitrogen or compressed air source used for servic-
ing shall have a serviceable regulator for controlling ser-
vice line pressure.

d. Servicing with compressed nitrogen shall be done only
with Class I (water pumped) nitrogen.

e. An approved, calibrated tire inflating tool with relief
valve and minimum ten foot servicing hose shall be
used during tire inflation.

f. Servicer shall be positioned in front or aft of tire being
serviced during inflation, at full length of inflating tool’s
hose. Hose shall not be tightly stretched. The immediate
area to either side of tire being inflated shall be clear of
personnel. (See Figure 4-2.)
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 Figure 4-2.  Aircraft Tire Servicing
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CHAPTER 5
CONCURRENT SERVICING OPERATIONS

5.1  CONCURRENT SERVICING OF AIRCRAFT.

Concurrent servicing is defined as the simultaneous servicing
of fuel or oxygen with either passengers on board or the per-
formance of minor maintenance, fleet servicing, or baggage or
cargo loading/unloading. Concurrent servicing is authorized
for aircraft listed in Table 5-1. Additions to this table of autho-
rized aircraft will require completion and approval of a System
Safety Engineering Analysis (SSEA). Concurrent servicing
will be performed using approved checklists and applicable
aircraft technical orders. Servicing operations pertaining to
these aircraft when accomplished on a USAF installation are
under the direct control of the USAF and will be accomplished
in accordance with the provisions of this technical order. Fuel
servicing and concurrent servicing of these aircraft will be
done using approved checklists. Cargo containing explosives,
oxygen or flammable gases or liquids shall not be loaded or
unloaded during con- current servicing operations. A Chief
Servicing Supervisor (CSS) shall be provided by the USAF for
all concurrent fuel servicing of contract airlift missions at mili-
tary installations.

Simultaneous fuel and oxygen servicing on an air-
craft is NOT authorized.

Defueling during concurrent operations shall be limit-
ed to the single point method (closed fuel system).
C-130 and C-141 troop doors and emergency hatches
on the right SPR, side of the aircraft must be closed
during concurrent servicing operations to isolate the
cargo compartment from the fuel servicing safety
zone.

5.2  PERSONNEL REQUIREMENTS FOR FUEL SER-
VICING.

The Air Force fuel servicing team will consist of the follow-
ing:

a. Chief Servicing Supervisor (CSS).

b. SPR Monitor for each SPR in use. (contractor aircrew
member when servicing contract commercial carriers)

c. A refueling panel monitor (when the refueling panel and
the SPR are adjacent to each other, one individual may
monitor both).

d. Fuel Specialists (2F0X1).

e. Passenger compartment monitor, i.e. aircrew member
(when passengers onboard).

5.3  RESPONSIBILITIES OF CSS.

a. Normal concurrent servicing operations.

(1) A CSS shall be present during concurrent operations.
The CSS will primarily be stationed at the nose of
the aircraft and will monitor the wing fuel vent out-
lets on the opposite side of the aircraft from the SPR
location. The CSS does not need to be specifically
qualified to an aircraft type. For example, a C-5 CSS
can also function as a C-141 CSS. The CSS does not
need to be a maintenance individual. For example, a
port authority, or transient alert individual can also
function as a CSS. The CSS can be either a USAF
employee or a contractor support employee.

(2) When servicing is performed by contract, contractor
personnel functioning as the CSS must have experi-
ence comparable to that required for an Air Force
CSS. Base or unit commanders shall assure that the
contractor’s CSS has the required experience and
capability.

(3) The CSS will wear a reflective vest with the letters
CSS on the front and back. The letters will be at
least six inches in height and four inches wide and
made of reflective material at least one inch wide
satisfies this reflective vest requirement and shall be
used unless otherwise specified in command direc-
tives.

(4) The CSS in concurrent operations shall also be
responsible for controlling and monitoring all con-
current operations to include cargo/baggage loading/
unloading, maintenance, fuel or oxygen servicing,
and fleet servicing. CSS maintains continuous inter-
com contact with fuel servicing team members dur-
ing the entire servicing operation (excluding 2F0X1
fuels specialists). C-9 aeromedical evacuation air-
craft are authorized to conduct concurrent servicing
operations away from home station using an alter-
nate method of communication when aircraft inter-
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com capability does not exist. Alternate
communication procedures such as hand signals and/
or voice communication will be agreed upon by the
refueling team prior to start of the refueling opera-
tion. The refueling supervisor will ensure that the
minimum number of personnel remain on the aircraft
during refueling.

(5) Personnel who supervise portions of the operation;
e.g. aerial port supervisor, maintenance team super-
visor, or fleet service supervisor, shall coordinate
each phase of their operation with the CSS and
report immediately any condition that might jeopar-
dize safety prior to beginning or during concurrent
servicing operations.

(6) If concurrent operations are in progress, all person-
nel or their team chief will report to the CSS prior to
entering the concurrent servicing area.

(7) The CSS will have full and final authority over all
phases of concurrent operations and over all partici-
pating personnel, except the deployment and control
of fire fighting and rescue units.

(8) During concurrent fuel servicing operations, the CSS
may simultaneously perform CSS and fuel servicing
supervisor duties.

(9) During concurrent oxygen servicing, the CSS will be
an individual other than the person doing the actual
oxygen servicing.

(10) CSS will ensure communications to the Fire Depart-
ment through Job Control or the Command Post are
immediately available and operational.

(11) Ensure all personnel involved in concurrent opera-
tions are briefed on the total requirements of servic-
ing prior to commencing operations. This briefing
will cover a general overview of the operation and
emergency procedures.

(12) Assure fuel servicing equipment is properly bonded.
Bond conductive maintenance or work stands to the
aircraft when using the stand to access the aircraft
fuel servicing receptacles or support the fuel hose
during servicing operations.

(13) Ensure aircraft are not concurrently refueled if the
fuel jettison (dump) system was used on the previous
flight unless it can be positively verified that the
jettison valve(s) closed after the fuel jettison opera-
tion. Verification can be accomplished by observing

cockpit indications (provided they show the true sta-
tus of the jettison valves) or by physically observing
the fuel to stop exiting the jettison outlet(s) upon
termination of the jettison operation. If neither of
these verification actions can be done, then the air-
craft must not be concurrently refueled until it
undergoes at least one normal refueling operation to
show that the jettison valves are closed.

(14) Ensure the Fire Department is notified at least 15
minutes before starting concurrent servicing opera-
tions.

(15) Supervise the movement of equipment into and out
of concurrent servicing area.

(16) Assure connections of any ground power units are
completed prior to starting the servicing operations.
Equipment shall remain connected until the fuel ser-
vicing is terminated.

(17) Assure all concurrent operations are performed in
compliance with this technical order.

(18) Assure the proper number of fire extinguishers are
available (Table 3-1).

(19) Aircrew members may remain on board the aircraft
during concurrent servicing operations as directed by
the MAJCOM. When remaining on board, all safety
procedures outlined in this Technical Order will be
followed. Entering or exiting the aircraft shall be
limited to performing essential duties associated
with the concurrent servicing operation.

(20) Prior to beginning servicing operations of commer-
cial contract carriers, the CSS shall contact the com-
mercial carrier’s technically qualified personnel to: 

(a) Provide guidance on the duties and physical posi-
tioning of commercial contract carriers personnel
during concurrent operations.

(b) Discuss any unfamiliar system characteristics or
deficiencies.

(c) Determine and jointly approve the timing of any
maintenance cargo or baggage loading or other
activities to be accomplished during the concur-
rent servicing operation.

(21) Ensures the fuel servicing equipment operator oper-
ates the deadman control in all concurrent servicing
operations. 
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(22) Ensures members of the maintenance servicing crew
assist in setting up and removing fuel-servicing
equipment from the fuel servicing area.

With the SPR nozzle crank handle in the closed posi-
tion, check the strainer coupling quick disconnect de-
vice for positive locking. Prior to pressurizing the
hose, be sure the nozzle is securely locked to the
aircraft by attempting to remove the nozzle with the
nozzle crank handle in the open position. Any nozzle
that can be disconnected from the SPR with the noz-
zle crank handle in the open position is defective and
must be removed from service immediately. On air-
craft with Refueling Teams, the team member con-
necting the refueling receptacle will be responsible
for testing the strainer quick disconnect locking de-
vice for positive engagement and assuring the refuel-
ing nozzle is securely locked.

(23) Ensures proper connection of the SPR nozzle to the
aircraft. 

b. Additional requirements for CSS with passengers/
patients on board.

Voice contact must be established and maintained at
all times during the fuel-servicing portion of concur-
rent servicing operations when passengers are on
board the aircraft. The aircraft intercom system
should be used as the primary means of maintaining
voice contact between the fuel servicing team mem-
bers. If the aircraft intercom system is inoperative
and cannot be used to maintain voice communica-
tions, portable hand-held radios may be used to pro-
vide voice contact subject to the following
stipulations. Radios can be used within the FSSZ,
however, only intrinsically safe radios can be used
within 10-feet of any aircraft fuel vent outlet, fuel
spill or fuel tank truck being filled from aircraft defu-
eling.

(1) Remain in constant voice contact with loadmaster or
Air Mobility Command (AMC) passenger represen-
tative in passenger compartment, the cockpit aircrew
and fuel servicing team until the fuel servicing oper-
ation is completed.

(2) Passengers may enter or exit the aircraft during fuel
servicing provided either:

(a) a jetway is used

(b) or if a mobile staircase or aircraft integral stairs
are used and the fuel servicing operation is on the
opposite side of the aircraft and the passengers do
not come closer than 25 feet from any aircraft fuel
vent outlet. For C-9 aircraft single point fuel ser-
vicing, litter patients, ambulatory patients and
passengers may deplane or enplane as necessary.

c. CSS actions for hazardous situations:

(1) Stop fuel flow.

(2) Determine if evacuation of passengers from the air-
craft is required.

(3) Initiate normal or emergency evacuation of the air-
craft as necessary.

(4) Coordinate with fire department personnel as
needed.

5.4  RESPONSIBILITIES OF OTHER PERSONNEL
PARTICIPATING IN CONCURRENT SERVICING
OPERATIONS.

a. Normal concurrent servicing operations.

(1) Personnel who supervise portions of the concurrent
servicing operations, e.g. aerial port, maintenance
team, passenger service, or fleet service shall coordi-
nate each phase of their operation with the CSS and
report any condition that might jeopardize safety
prior to and during concurrent servicing operations.

(2) Personnel can use laptop computers, cellular tele-
phones or portable or truck mounted nontactical
radio equipment or cellular telephones within the
FSSZ. However, no battery changes for the laptop
computers, cellular telephones or radios are allowed
within the FSSZ and personnel will ensure the radios
or cellular telephones within 10 feet of aircraft fuel
vent outlets, open port refueling receptacles, fuel
spills, or fuel trucks being filled (bottom loading or
from aircraft defueling) meet Military Standard 810
requirements or are intrinsically safe.

b. Additional personnel requirements for concurrent ser-
vicing operations with passengers/ patients on board. A
loadmaster or AMC Passenger representative will be
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positioned in the passenger compartment and be in
intercom contact with the CSS. They will:

(1) Notify passengers of the concurrent servicing opera-
tions and provide them the option to deplane if prac-
tical.

(2) Ensure that personnel/passengers do not smoke dur-
ing fuel servicing operations.

(3) Ensure emergency exits and aisles are unobstructed
and not blocked. Escape slides will be armed.

(4) Assist in the evacuation of passengers in an emer-
gency.

(5) Make sure a ramp or staircase is in the proper posi-
tion and unobstructed to enable exit in an emer-
gency.

(6) Aircraft personnel entry/exit doors within the FSSZ
should be closed during fuel servicing operations.

c. Medical evacuation aircraft will:

(1) Have two qualified medical crewmembers in atten-
dance in the aircraft to assist in the evacuation of
patients and passengers in the event of an emer-
gency.

(2) Ensure the exits are open as much as practical as
determined by the Senior Medical Representative in
consideration of weather and patient conditions.
Under no condition will the exit be locked during
servicing operations.

5.5  RESPONSIBILITIES OF SUPERVISORY CON-
TRACTOR REPRESENTATIVE (SCR).

a. The SCR will:

(1) Be under the direct control of the Air Force CSS and
will respond to all CSS directions.

SCR will determine if aircraft fuel jettison system
was used since departing last location. If the system
was used, concurrent servicing operations will not be
accomplished until it is determined that the jettison
valves are closed.

(2) Be stationed at the refueling control panel and SPR
location to connect and disconnect the fuel nozzle to
the aircraft SPR for required fuel servicing. For DC-
9 contractor aircraft, the fuel nozzle will be con-
nected and disconnected by USAF personnel, such
as transient alert. The fuel servicing equipment oper-
ator should not perform this task.

NOTE

For commercially contracted cargo-only aircraft
where the fuel control panel/fuel system control
mechanism is located on the outside of the aircraft
(L-100, L-188, DC-9, and B-727), use of the aircraft
intercom system by fuel servicing ground crews is
not required. If any personnel (flight or ground crew
members) are to remain on board the aircraft during
fuel servicing operations, then voice contact must be
established and maintained between the personnel re-
maining on board the aircraft and the fuel control
panel at all times during the fuel servicing operation.

(3) Monitor fuel vent outlets on the same side of the
aircraft as the SPR location and maintain constant
intercom contact with CSS during concurrent servic-
ing operations.

(4) Advise the CSS when a potential safety hazard is
observed or exists. The commercial airline represen-
tative operating the fuel control panel shall terminate
fuel servicing immediately when directed to do so by
the CSS. Fuel servicing will not be resumed until
any existing safety hazard has been corrected and the
CSS directs resumption of the servicing operation.

(5) The SCR or his representative shall ensure the fuel
servicing nozzle is securely locked to the aircraft by
attempting to remove the nozzle with the poppet
valve in the open position prior to pressurizing the
system. If the SCR or designated contractor repre-
sentative is able to remove the nozzle from the air-
craft SPR with the poppet valve open, the fuel
servicing operation will not be started. The fuel ser-
vicing unit/hydrant hose cart operator will immedi-
ately remove the nozzle from service. If the poppet
valve on a SPR nozzle is closed, after the initial
check and prior to pressurization, then another noz-
zle to aircraft lock check is required.

(6) The SCR shall provide two intercom headsets and
cords, one 100-foot and one 50-foot, for Air Force
use. The 100-foot cord shall be used by the CSS. All
aircraft external intercom plug-ins must be opera-
tional and usable.
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NOTE

When fuel servicing with government provided fuel
on a USAF (or other) installation, the USAF (or other
service) shall furnish additional personnel for moni-
toring each fuel nozzle connection where the number
of personnel required exceeds those specified in the
contract.

(7) Prior to beginning concurrent servicing operations,
the SCR shall establish a liaison with the CSS to:

(a) Determine specific servicing requirements, to
include if unique bonding sequence is required,
for the aircraft.

(b) Discuss any unfamiliar system characteristics or
deficiencies.

(c) Provide guidance on the duties and physical posi-
tioning of the commercial carrier’s technical per-
sonnel during the concurrent servicing operation.

NOTE

A qualified SCR shall be present for supervision and
control of the commercial contractor personnel in-
volved in the concurrent servicing operation, to in-
clude subcontractor personnel, such as caterers,
cleaning crews, and the flight crew. The SCR shall
provide the safety expertise as related to commercial
carrier’s aircraft and shall notify the CSS of any po-
tential safety hazards.

(8) Determine and jointly approve the timing of mainte-
nance, cargo baggage loading/unloading, fleet ser-
vicing or other activities (food service, cleaning,
etc.) to be accomplished during the concurrent ser-
vicing operation.

b. Additional requirements for SCR with passengers on
board.

(1) The SCR will provide one operable 50-foot headset
for each SPR/vent monitor and a 100-foot or longer
cord and headset for the CSS (minimum of three
headsets required for Air Force use). The SCR must
also ensure the fuel control panel operator has a
headset and remains on intercom during the fuel ser-
vicing operation.

(2) The SCR must also ensure a member of the aircrew
or a contractor representative is in intercom contact
in the cockpit and cabin areas when passengers are

on board during fuel servicing. This individual will
be in constant intercom contact with the CSS.

(3) The SCR will ensure the aircraft external intercom
plug-in jacks are in good working order. If intercom
contact cannot be maintained between the CSS, fuel
control panel operator(s), vent/SPR monitor(s), and
the individual in the cockpit/cabin area with the pas-
sengers, fuel servicing with passengers on board will
not be done.

5.6  CARGO/BAGGAGE HANDLING OPERATIONS.

a. Winching cargo and/or movement of nonpalletized self-
propelled vehicles/equipment into or out of aircraft in
conjunction with concurrent servicing is not authorized
except on the C-5, C-130, C-141, C-17, and KC-10 air-
craft.

b. Passengers will not be allowed in the cargo compart-
ment while winching of rolling stock or pallets is being
accomplished.

c. Use of the winch in the cargo compartment of C-5 and
C-141 aircraft is prohibited during defueling operations.

d. Cargo containing explosives, oxygen, or flammable
gases or liquids shall not be loaded or unloaded during
concurrent servicing operations. Under combat condi-
tions or simulated combat exercises, loading or unload-
ing cargo containing explosives or munitions shall be
accomplished according to TO 11A-1-33.

5.7  MAINTENANCE RESTRICTIONS DURING CON-
CURRENT SERVICING OPERATIONS.

A malfunction of any component in the aircraft fuel
system will require immediate shut down of the oper-
ation until the malfunction is corrected.

a. Transmitting on aircraft High Frequency (HF) radios, or
operating radar, radar altimeter, or SKE equipment will
not be done during concurrent servicing operations.
Inertial Navigation System (INS) and Fuel Saving Advi-
sory System (FSAS) may remain energized. Satellite
Communications (SATCOM) radios may be operated in
the transmit mode if the antenna beam is pointed at least
ten degrees above the horizon.

b. Power on maintenance of electrical equipment on the
exterior of the aircraft is prohibited, unless the equip-
ment is located outside the FSSZ.
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c. Maintenance requiring the use of jacks shall not be per-
formed with the exception of single wheel changes on
multi wheel main landing gear or dual nose wheel land-
ing gear provided the jacking is performed at the
affected gear. For the C-17 aircraft, jacking can be per-
formed on the main landing gear using the integral jack-
ing system.

d. Maintenance in the aircraft wheel well area shall be lim-
ited to tire changes and Liquid Nitrogen (LIN) servicing
on C-5 aircraft during concurrent servicing operations.
LIN service vehicles must be positioned prior to the
start of servicing operations and not moved until the
servicing operations are complete.

NOTE

Maintenance and servicing of unpressurized hydrau-
lic systems during concurrent servicing operations is
authorized.

e. No flammable fluid carrying lines will be broken unless
equipped with quick disconnects.

f. Maintenance or repair of the aircraft or engine fuel sys-
tems which require the opening of fuel lines, fuel tanks,
or replacement of plug-in components is prohibited.

g. Power tools shall not be used during concurrent servic-
ing operations or when bulk shipment of explosives,
oxygen, or flammable gases or liquids are being loaded/
unloaded.

h. Personnel not directly involved in the oxygen servicing
operation will remain outside the 20-foot radius of the
Liquid Oxygen (LOX) servicing safety zone.

5.8  FIRE PROTECTION REQUIREMENTS.

Fire protection requirements for concurrent servicing are:

a. One halon 1211 fire extinguisher for each SPR connec-
tion location being used.

b. At least a 15 minute notification from MOC or the
Command Post to the Fire Department prior to starting
concurrent servicing operations is required to allow air-
craft rescue and fire fighting vehicle positioning for a
three minute response time. When two or more aircraft
are being concurrently serviced at different locations,
the aircraft rescue and fire fighting vehicle will be posi-
tioned for optimum response to the respective aircraft
by the Base Fire Chief.

NOTE

If hazardous cargo is involved, the Fire Department
will also be notified of its type and quantity.

c. With passengers/patients on board and servicing with
JP-4 or Jet B fuel, a major aircraft rescue and fire fight-
ing vehicle (P-2/19/23) will be positioned at the aircraft.

NOTE

If passengers/patients are on board, the number of
passengers/patients will be given to the fire depart-
ment.

d. Concurrent servicing of VC-25 aircraft with or without
passengers on board requires a major aircraft rescue and
fire fighting vehicle be positioned at the aircraft.

5.9  EQUIPMENT REQUIREMENTS.

a. Fuel servicing equipment approved for concurrent ser-
vicing operations:

(1) Without passengers:

(a) MH-2 hydrant hose cart being used with Type I or
Type II modified hydrant systems when equipped
with a magnetic KISS system or deadman control.

(b) HHT, hydrant hose truck being used with Type I,
II, or III hydrant systems equipped with deadman
controls.

(c) R-5/R-9 fuel servicing trucks equipped with dead-
man controls.

(d) Any Meyerinck, Cla-Val, OPW, Emco-Wheaton
or Nova Group pantograph.

(e) R-11 fuel servicing trucks when equipped with
API 1529, Type C, Grade 2/3 aviation servicing
hose assemblies with two-piece, onetime use,
internally expanded forged brass or bar stock
body couplings and brass or 300 series stainless
steel serrated ferrules.

(2) With passengers on board:

(a) Tri-State hydrant hose trucks and fuel servicing
trucks equipped with deadman controls and at
least 50 feet of noncollapsible fuel servicing hose
or MIL-H-26521H/J fuel servicing hose.
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(b) MH-2 series hydrant hose carts modified with
semi-hard (noncollapsible) fuel servicing hose, or
MIL-H-26521H/J fuel servicing hose straight
throat nozzle, and equipped with a magnetic KISS
system or deadman controls.

NOTE

The modified MH-2 series hose cart will only be used
when the Tri-State hydrant hose truck is not avail-
able. During peacetime operations, fuel servicing
trucks equipped with collapsible fuel servicing hose
will not be used for concurrent servicing while pas-
sengers are on board.

(c) Any Meyerinck, Cla-Val, OPW, Emco-Wheaton
or Nova Group pantograph.

(d) R-11 fuel servicing trucks when equipped with
API 1529, Type C, Grade 2/3 aviation servicing
hose assemblies with two-piece, onetime use,
internally expanded forged brass or bar stock
body couplings and brass or 300 series stainless
steel serrated ferrules.

b. Powered AGE used inside the FSSZ will meet the
requirements outlined in paragraph 4.1.

c. Operating external power units will be parked at least 50
feet from pressurized fuel carrying servicing compo-
nents and at least 25 feet from aircraft fuel vents during
fuel servicing operations. They will be placed outside
the fuel servicing safety zone and when possible posi-
tioned upwind from the servicing operation.

d. Vehicles authorized inside the fuel servicing safety zone
during concurrent servicing operations shall maintain at
least a 25-foot separation distance from the aircraft fuel
vent outlets (except Boeing 747/757/767 aircraft which
are acceptable for having authorized vehicles pass
underneath but may not stop or be parked directly
beneath the fuel vent outlets) and a 25-foot separation
distance from pressurized fuel servicing system compo-
nents during fuel servicing operations. All other vehi-
cles shall remain outside of the FSSZ.

e. The C-9 aircraft APU will normally be used during all
single point fuel servicing operations to supply electrical
and pneumatic power for the environmental control sys-
tems and life support medical equipment. If the C-9
APU becomes inoperative and the aircrew has deter-
mined that electrical and/ or pneumatic power are medi-
cally essential, suitable ground power units will be
connected and operated. These back-up power sources

shall be immediately available during all medical evacu-
ation operations. 

In the event a heating or air conditioning unit stops
running while connected to the aircraft, disconnect
the duct immediately. 

f. When ground heaters or air conditioners are required for
passenger comfort, they may be used in the FSSZ sub-
ject to the following: 

(1) Electrical motors to be used within: 

(a) 10 feet of the aircraft fuel vent out- lets, open port
refueling receptacles, fuel spills, or fuel trucks
being filled (bottom loading or from aircraft defu-
eling) must meet the National Electrical Code
(NEC) requirements for Class I, Division 1 (Zone
1) locations. 

(b) The fuel servicing safety zone but not within 10
feet of the aircraft fuel vent outlets, open port
refueling receptacles, fuel spills, or fuel trucks
being filled (bottom loading or from aircraft defu-
eling) must meet the NEC requirements for Class
I, Division 2 (Zone 2) locations.

(2) Units driven by electrical motors not meeting Class
I, Division 2 (Zone 2), requirements may be used
providing they are stationed outside the FSSZ and
upwind whenever possible. The heating and air con-
ditioning units shall be started prior to connecting
the open end of the duct to the aircraft and stopped
after the duct has been disconnected. 

g. Contractor/subcontractor vehicles involved in concur-
rent servicing operations must comply with the stan-
dards required in TO 00-20B-5 if operation is required
inside the FSSZ. Those vehicles not meeting these
requirements will not be allowed in the fuel servicing
safety zone. The SCR will inform the CSS of the status
of contractor/ subcontractor vehicles prior to the start of
concur- rent servicing operations.

NOTE

Maintenance stands and equipment used under the
aircraft during fuel servicing operations will be posi-
tioned to ensure the aircraft is not damaged when it
settles as the aircraft is fueled.
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h. If workstands are used, bond to the aircraft. Workstands
shall not be moved except under the direction of the
CSS. 

i. An external staircase will be provided for C-5 upper
deck passengers whenever the internal stairs are stowed
due to cargo loading operations being conducted con-
current with fuel or oxygen servicing operations. 

j. Required fleet servicing equipment.

k. Required passenger handling equipment. 

The 40-K loader open flame heater will not be used
in the concurrent servicing area.

l. Required cargo handling equipment for the specific air-
craft and its cargo being on or off loaded. 

m. At least four intercom headsets for C-5 and C-141, two
with 100 foot cords and two with 50 foot cords. For C-
130 at least three intercom headsets, one with a 75 foot
cord and two with at least 50 foot cords with passengers
on board. 

n. Bond conductive maintenance or work stands to the air-
craft when using the stand to access the aircraft fuel
servicing receptacles or support the fuel hose during ser-
vicing operations.
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Table 5-1.  Concurrent Servicing

TYPE CARGO PASSENGERS POWER-ON 
MAINT.

APU SERVICING 
OXYGEN

B-1A N/A N/A A A A

B-2 N/A N/A A A A

B-52 N N/A A N/A A

B-707, C-18, C-137 A A A A A

B-727, C-22 A A N A N

B-737 A A N A N

B-747, DC-8, DC-10 A A A A A

B-757, (C-32), 767 A A A*** A N

C-5, C-130, C-141 A A A A A****

C-9 N A N A A

C-17A (NOTE 2) A A A A A

C-20, C-37 N/A A N A N

C-27 A A** A A N

C-135 A A A N A

C/WC-135B A A A N/A A

DC-9, MD-81, MD-82, MD-83, 
MD-88, MD-90

A A N A A

E-3 N N N A N

E-4B N A A A A* Power-On

KC-10 A A A A A

KC-135 A A A N A

KC-135R N N A A A

L-100, L-188, DC-9 A L-188 only Power-off Only A N

L-1011 A A N A N

MD-11 A A A A A

P-3 N A N A N

T-43 A A N A N

TR-1 N/A N/A A N/A A Power off 

VC10 N N A A N

VC-25A (NOTE 1) N A N A N
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TYPE CARGO PASSENGERS POWER-ON 
MAINT.

APU SERVICING 
OXYGEN

NOTE 1: Approved for only limited concurrent servicing operations (i.e., not to include oxygen servicing, galley servicing or on 
board mechanized baggage handling equipment).

NOTE 2: When multiple source refueling with trucks, the refueling truck placed in the left rear quadrant of the aircraft will need 
to be placed within 10 feet of the aircraft fuselage.

A = Approved

N = Not evaluated (not approved)

N/A = Not applicable

A*= Aircraft electrical power may be provided by either an external ground power unit (GPU) or by operating aircraft engine 
number 1 or 2 and/or the aircraft APU.

A** = Includes litter patients

A*** = Allowed on the aircraft exterior outside the FSSZ.

A**** = For C-5 aircraft, LOX sevicing can not be done on the same side as an operating APU.

Table 5-1.  Concurrent Servicing - Continued
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CHAPTER 6
SPECIALIZED AIRCRAFT FUELING OPERATIONS

6.1  INTRODUCTION.

This section describes the following fueling operations:

a. Concurrent Servicing Operations (CSOs) supporting
Sortie Generation Operations (SGOs) Authorized Only
for A-10, F-15, and F-16 aircraft.

b. Hot refueling operations.

c. Aircraft to aircraft fueling operations.

d. Fuel operations using the Aerial Bulk Fuels Delivery
System (ABFDS) with Alternate Capability Equipment
(ACE).

e. Rapid/Wet Wing/Hot Defueling.

6.2  CONCURRENT SERVICING OPERATIONS (CSO)
SUPPORTING SORTIE GENERATION OPERATIONS
(SGO) FOR A-10, F-15, AND F-16 AIRCRAFT. 

Concurrent Servicing Operations (CSO) are the simultaneous
loading/unloading of munitions, fueling, aircraft reconfigura-
tion, and may include aircraft -6 inspections, and other aircraft
servicing. Other aircraft servicing may include oil, nitrogen,
and hydraulic fluid. Oxygen servicing will not be accom-
plished during fuel servicing. CSOs provide units operational
flexibility in managing resources and a rapid means of gener-
ating mission ready aircraft. CSOs may be performed as part
of normal day-to-day training, or unit exercises for maintain-
ing personnel proficiency for contingencies and combat opera-
tions. Specific approved procedures and safety precautions are
contained in the appropriate MDS specific -33-1-2, -6, and -2
technical orders. Refer to AFI 21-101 and MAJCOM supple-
ments for additional guidance. Any additional capabilities
must be evaluated through the SSEA and approval given prior
to performing new CSO procedures. 

6.2.1  CSO Requirements.  CSOs will not be started unless
there is a Concurrent Servicing Supervisor (CSS) at each CSO
location who is responsible for on site supervision during all
aspects of fuel servicing, munitions loading/unloading, and
aircraft reconfiguration while being performed concurrently

• Simultaneous fuel and oxygen servicing on an air-
craft is NOT authorized.

• Electrical “power-on” portions of –6 inspections
are NOT authorized during concurrent munitions
loading/unloading, aircraft reconfiguration and
fuel servicing operations. Power-on portions of –6
inspections are accomplished prior to or upon
completion of the concurrent munitions loading/
unloading, aircraft reconfiguration, and fuel servic-
ing operation.

NOTE

• Once a fuel servicing operation has begun no other
fluid/gaseous servicing will be started until the fuel
servicing is completed.

• For fuel servicing information on explosives-load-
ed aircraft, refer to paragraph 4.12. For handling
and maintenance instructions of explosives loaded
aircraft, refer to TO 11A-1-33.

• Deadman controls will be installed on all approved
refueling equipment used in conjunction with
CSOs. The refueling supervisor will operate the
deadman control.

6.3  CONCURRENT SERVICING SUPERVISOR (CSS).

The person responsible for on site supervision of all aspects of
fuel servicing, munitions loading/unloading, and aircraft
reconfiguration while being performed concurrently. The indi-
vidual shall receive familiarization training on safety require-
ments and potential hazards of concurrent servicing operations
and be certified as required by AFI 21-101, MAJCOM, and
local maintenance/training directives. The CSS:

a. Is a 7 skill-level with a 2AXXX or 2WXXX mainte-
nance AFSC. 

b. Is a safety supervisor who will only supervise one CSO
at a time.

c. Maintains full authority over all safety aspects of CSOs
and participating personnel, except the deployment and
control of fire fighting and rescue units.

d. Ensures all CSOs are performed in accordance with
applicable MDS technical orders and directives. 

e. Coordinates with personnel participating in CSOs. Per-
sonnel report to the CSS prior to entering the concurrent
servicing area. Personnel coordinate each phase of their
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operation with the CSS and report any condition(s) that
may jeopardize safety prior to or during CSOs.

f. Supervises movement of equipment into and out of the
concurrent servicing area.

g. Ensures all personnel involved are briefed on the total
requirements prior to commencing operations. The
briefing provides an overview of the CSO, safety
requirements and emergency procedures. 

h. Ensures the Fire Department is notified at least 15 min-
utes before starting CSOs, ensures communications to
the Fire Department through MOC are immediately
available and ensures proper numbers of fire extinguish-
ers are available to support the CSO.

i. Ensures connections of any ground power units are
completed prior to starting CSOs. Equipment shall
remain connected until the fuel servicing is terminated. 

j. Wears a reflective vest for ease of identification.

6.3.1  CSO Accomplishment.  CSOs are accomplished in
approved explosives and fuel cited areas. (i.e., open ramps or
shelters). CSOs can be done on a single aircraft parked nose-in
or nose-out on centerline of shelters/FTR. Two aircraft may be
parked in a second or third generation HAS/PAS (double stuff-
ing), but only one of the aircraft can undergo a CSO at a time.
Refer to Table 3-1 for fire protection requirements.

6.4  HOT REFUELING (FUELING WITH ENGINES
RUNNING).

This type of refueling requires the approval of the MAJCOM
of the activity involved. When hot refueling involves the
resources of more than one command, the approval of each
affected MAJCOM is required. Hot refueling provides mini-
mum aircraft turnaround times and reduces fueling personnel
and equipment support requirements. However, it presents
hazards which are not normally encountered in other fueling
operations. Consequently, personnel who are responsible for
supervising and conducting hot refueling must have:

a. A thorough knowledge of all equipment and systems
they operate.

b. A thorough knowledge of and observe all safety proce-
dures.

c. A thorough knowledge of and follow the sequential
steps for each operation.

d. Undergone annual certification per command directives.

6.5  HOT REFUELING REQUIREMENTS.

Hot refueling will not be attempted unless individual aircraft
technical order guidance, checklists and appropriate individual
fueling systems are available. Aircraft will not be hot refueled
without fully qualified ground servicing crews. Hot refueling
shall not be performed until SSEA validation procedures have
been accomplished on the aircraft, fueling systems and facility
and until the SSEA has been approved by HQ AFMC/SES.
Refer to Table 6-1 for those aircraft and refueling systems that
have been evaluated for hot refueling operations. The use of
approved refueling equipment is mandatory. Any deviation
from this policy shall be approved by HQ AFMC/SES. In
those cases where combat or emergency situations require the
use of hot refueling, the MAJCOM commander may authorize
deviation from this policy. Refer to Table 3-1 for fire protec-
tion requirements. A MAJCOM or MAJCOM delegated team
composed of Safety, Fuels Servicing, Aircraft Maintenance,
Operations, Fire Protection, and the Liquid Fuels Engineer
shall certify individual hot pit refueling sites on a case by case
basis. The command will provide specific guidance for site
certification and personnel training/certification. Specific
items to be included in the MAJCOM Directive are:

a. Procedures for certifying the site to be used for the fuel-
ing operation.

b. Procedures for certifying and training personnel
involved in the fueling operation. 

c. Define responsibilities of various functional agencies to
include establishment of the MAJCOM office of pri-
mary responsibility (OPR).

d. Other information necessary to assure a successful fuel-
ing operation is accomplished.

6.6  MINIMUM GROUND CREW.

The minimum hot refueling ground crew requirements for sin-
gle aircraft servicing will be as specified in applicable MDS
Specific technical orders. For hot refueling two or more air-
craft simultaneously with equipment such as the Type IV hot
refueling system, the minimum ground crew per aircraft will
be as specified above plus one overall hot pad supervisor
(AFSC 2AXXX five level or above). All hot refueling ground
crew members will be certified to perform hot refueling opera-
tions as required by AFI 21-101, MAJCOM and local mainte-
nance/training directives upon initial qualification and
annually thereafter.

6.6.1  For Flow Through Revetment (FTRs).  For FTRs
the 50-foot aircraft taxiing/200 foot aircraft parking area crite-
ria only applies to fore and aft of the FTR. The revetment wall
minimizes the probability of spreading of fire or an explosion. 
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NOTE

Hot refueling personnel will not wear items of cloth-
ing or accessories that present foreign object damage
potential.

6.7  HOT PAD REFUELING SUPERVISOR.

a. This individual (AFSC 2AXXX five level or above) has
overall responsibility for the operation, assures compli-
ance with the applicable refueling checklist and assures
that aircraft entering the hot refueling area have had all
live munitions downloaded or safed in accordance with
applicable aircraft technical orders. Aircraft returning
from a munition delivery will be cleared for hot refuel-
ing by personnel qualified to ‘‘safe’’ the aircraft and
munitions. Personnel or equipment on the hot refueling
pad will not be positioned in front of forward firing
munitions. The hot pad/refueling supervisor will brief
the team members on their assignment and responsibili-
ties considering aircraft configuration and ground condi-
tions (i.e., attached external fuel tanks, ECM pods, chaff
dispenser or pods, wind direction, positioning of air-
craft, FOD potential, and emergency procedures).

b. When simultaneously hot refueling two fixed wing air-
craft, the hot pad refueling supervisor must coordinate
the operations of each aircraft refueling supervisor and
the fuels equipment operator. The hot pad supervisor
will have a locally developed checklist designating his
specific duties, responsibilities, and range of aircraft
positions as a supplement to the specific aircraft super-
visor’s servicing checklist. The hot pad supervisor must
remain in full view of each aircraft refueling supervisor
and fuels equipment operator.

6.8  HOT REFUELING EQUIPMENT OPERATOR
(REO).

The REO (2F0X1) will assume a position at the refueling
equipment and will observe the pressure gauges plus the hot
pad and aircraft refueling supervisors and be constantly alert
for a malfunction. Should a malfunction occur, the REO shall
immediately shut down the fueling operation.

NOTE

For Panero type I hydrant systems (with installed
gauges, valves and meter only), the REO will monitor
lateral control pit pressure gauges and crew chief will
monitor pantograph.

6.9  HOT REFUELING SEQUENCE.

a. Fuel servicing equipment may be pre-positioned at hot
refueling locations prior to arrival of the aircraft. Air-
craft will not be hot refueled if the fuel jettison (dump)
system was used on the previous flight unless it can be
positively verified that the jettison valve(s) closed after
the fuel jettison operation. Verification can be accom-
plished by observing cockpit indications (provided they
show the true status of the jettison valves) or by physi-
cally observing the fuel to stop exiting the jettison out-
let(s) upon termination of the jettison operation. If
neither of these verification actions can be done, then
the aircraft must not be hot refueled until it undergoes at
least one normal (cold) refueling operation to show that
the jettison valves are closed.

Aircraft will not be positioned such that jet exhaust is
directed at another aircraft on the hot refueling pad.

Temperature sensitive substances (temp sticks) have
caused damage to some aircraft brake assembly pres-
sure plate anti-oxidant coatings. Refer to MDS Spe-
cific technical orders for guidance.

NOTE

For simultaneous hot refueling operations, aircraft
will not enter the hot refueling pad unless it can im-
mediately egress, if necessary. Fire Department must
be notified whenever hot refueling is to be accom-
plished. Refer to paragraph 6.4 and Table 3-1.

b. A hot brake check will be performed. The A-10, C-5, C-
17, C-130, C-141, E-4, F-15, and HH-60 aircraft are
exempted because of the location, direction, and dis-
tance of the fuel vent outlets from the aircraft landing
gear brake assemblies. The brake temperature should
not exceed 750ºF. Temperature can be measured by tem-
perature sensitive substances (temp sticks) or by infra-
red heat sensors. The aircraft hot brake checks will be
accomplished prior to entering the hot refueling area.
Aircraft with suspected or known hot brakes will not
enter the hot refueling pad. The external fuel tanks will
be safed prior to entering the hot refueling area.

c. All aircraft systems not essential for the hot refueling
operations will be deactivated.
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d. The hot refueling supervisor will ensure the fuel servic-
ing equipment outlet nozzle is connected and the dead-
man control valve is hand held. The hot refueling
supervisor will maintain intercom contact with the pilot
and hot refueling crewman plus visual contact with the
hot pad supervisor and fuels equipment operator. The
hot refueling supervisor will observe the aircrew to
ensure they maintain their hands up and/or out of the
cockpit instrumentation area.

e. The fuels equipment operator will use standard check-
lists developed for preoperative inspection check of the
fuel servicing equipment. Upon pressurization of the
fuel servicing equipment, the equipment operator and all
ground crewmen will check the system for malfunction
or leaks. If no leaks are detected, the ground crewmen
will signal the hot refueling supervisor that fuel transfer
can begin.

f. On aircraft equipped with the capability to pre-check the
refuel high level shutoff valves, the valves will be pre-
checked at the beginning of the hot refueling operation.

Malfunction of any component of the fuel servicing
equipment is cause to immediately shut down the
equipment until the defect is repaired.

g. When the fuel servicing is completed, the aircraft fuel
servicing supervisor will advise the pilot that the single
point nozzle and bond wire have been disconnected. The
aircraft hot refueling supervisor will then marshall the
aircraft out of the area.

6.10  EMERGENCY PROCEDURES.

NOTE

• Emergency procedures will be outlined in locally
developed checklists if such procedures are not in-
cluded in specific aircraft checklist.

• Fire department should advise pilot when to aban-
don aircraft. This is to avoid having the pilot aban-
don the aircraft at the wrong time, e.g., jumping
into a fuel fire.

a. Hot refueling operations may take place in HAS/PAS,
hot refueling pads, or revetment areas. If a fire or fuel
leak occurs, the following actions must be initiated
immediately:

(1) Stop fuel flow.

(2) Stop aircraft engines.

(3) Notify the fire department.

(4) Evacuate all personnel other than fire guard(s).

(5) If leaking: Designated fire guard(s) will stand by
with the portable extinguisher nozzle in hand (or
nearby to initiate installed system) until the fire
department arrives.

(6) For fires: Designated fire guard(s) will attempt to
extinguish the fire until the base fire department
arrives or until munitions are engulfed in flame.

b. If a fire occurs at another location in the general prox-
imity of the aircraft being hot refueled, the following
actions will be initiated at the location without the fire:

(1) Stop fuel flow.

(2) Disconnect fuel nozzle, bond wire and intercom
cable.

(3) Evacuate aircraft from the area.

(4) Designated fire guard(s) will assist in fire fighting
operations until the aircraft rescue and fire fighting
vehicle arrives.
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Table 6-1.  Hot Refueling System Safety Engineering Analyses

SYSTEM NOTES

AIRCRAFT

A-6 Pending Approval 

A/F 22

A/OA-10

AV-8 (Marines)

B-1B

B-2A

Beech King Air

C-27

C/AC/HC/MC-130

CASA-235

DeHaviland DHC-6

E-2

E-4B

EA-6

F-4

F-14

F-15

F-16

F-22

F-18

HU-25

MV-22

Pilatus PC-6

S-3

UV-18B 9

X-32

X-35

HELICOPTERS

Army/Marine AH-1, AH-64, CH-47, OH-58A through D, UH-1, and UH-60

Change 1 6-5
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SYSTEM NOTES

CH/HH/UH-46

CH-53

HH-1H, UH-1N 1

HH-3 1, 2

HH/MH-53 1, 3

HH-65

Lynx

Puma

UH-60A/L, HH/MH-60G/J 7

Wessex

FUELING SYSTEMS 4

ABFDS with ACE

Army Aircraft Rapid Refueling Facility (ARRF) (Oasis) ****

GNY Pantograph

GRU-17/E Pantograph 5 **

Cla-Val 750/850 Pantograph

MH-2B/C Hose Cart 8**

NVE Millennium Hydrant Hose Cart

Forward Area Manifold (FAM) Cart and FAM 2000 Cart

NVE MH-4 Millennium Hydrant Hose Cart

R-9/R-14/R-25/R-26 *

R-11 **

R-12 ***

R-14A/C **

Type I Hydrant System *

Type II Hydrant System *

Type III Hydrant System *

Type IV Hydrant System *

US Army M-978 HEMTT with HTARS 6

Fuel trucks designed to NFPA 407 requirements

Table 6-1.  Hot Refueling System Safety Engineering Analyses - Continued
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6.11  AIRCRAFT TO AIRCRAFT REFUELING (HOT OR
COLD).

Aircraft to aircraft ground refueling operations may be accom-
plished with or without the aircraft engines operating for com-
bat, simulated combat, and training operations. This procedure
permits the rapid refueling of aircraft or helicopters in a tacti-
cal, forward operating area. These operations also provide a
means of fueling an aircraft where appropriate fuel is not
available. Fuel is supplied from aircraft internal fuel tanks
with pumps powered by ground power units, aircraft power
units, or operating aircraft engines. These operations present
hazards which are not normally encountered in other fueling
operations. Personnel involved in these operations must have:

a. A thorough knowledge of the aircraft fuel systems and
fueling equipment used in the operation.

b. A thorough knowledge of and observe all safety proce-
dures.

c. A thorough knowledge of and follow the sequential
steps for the operation.

d. Undergone certification per command directives.

6.12  HOT (ENGINES RUNNING).

Aircraft to aircraft ground refueling will not be performed
unless aircraft technical order guidance, checklists, and appro-

SYSTEM NOTES

NOTE 1: Fuel service includes CH-53 Auxiliary Tanks with Fuel Transfer by US Army FARE system.

NOTE 2: R-9 fuel servicing trucks equipped with deadman controls are approved for H-3 hot refueling when using a reduced 
pumping pressure of 25 psi or less.

NOTE 3: R-9 fuel servicing trucks equipped with deadman controls are approved for H-53 hot refueling.

NOTE 4: Hot refueling operations are no longer authorized when using MIL-H-6615 refueling hose and/or MIL-C-38404 hose 
end couplers. Approved replacement hose to continue these operations is API Bulletin 1529, Grade 2/3, Type C, aviation fueling 
hose. Approved coupling replacements are internally expanded non-reusable hose end couplings meeting the design and perfor-
mance specifications of API Bulletin 1529. (Exception to this requirement is hot refueling of E-4B aircraft due to distance 
between operating aircraft engine and single point refueling (SPR) receptacle locations.)

NOTE 5: Position the GRU-17/E so that no portion of the pantograph is forward of any aircraft engine inlet during hot refueling 
of any aircraft (except A-10 where it can be under the wing).

NOTE 6: US Army M-978 Heavy Expanded Mobility Tactical Truck (HEMTT) with HEMTT Tanker Aviation Refueling Sys-
tem (HTARS) using lightweight hose is approved for use only with the HELICOPTERS listed as approved under the SYSTEM 
column in this table.

NOTE 7: Hot refueling of the Internal Auxiliary Fuel tank system (IAFTS) or the aircraft using the open port/over-the-wing 
method is not authorized.

NOTE 8: Must be equipped with a modified CLA-VAL rate-of-flow control valve to act as a hydraulic deadman.

NOTE 9: Must use only the aft filler port. The forward port is too close to the propeller. Users must make sure that center-of-
gravity limitations are not exceeded when refueling only the aft tank.

*Approved for use with any Meyerinck, Cla-Val, OPW, Emco-Wheaton or Nova Group pantograph.

**Approved for use when equipped with minimum American Petroleum Institute (API) Bulletin 1529, Type C, Grade 2, hard-
wall aviation servicing hose assemblies with internally expanded forged brass or bar stock body couplings and brass or 300 
Series stainless steel serrated ferrules, respectively.

***Approved for use with pantograph and approved for hot refueling the E-4B and B-1B aircraft only without the use of a pan-
tograph.

**** Aircraft Rapid Refueling Facility (Oasis) located at Ft. Drum NY is approved for use.

Table 6-1.  Hot Refueling System Safety Engineering Analyses - Continued
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priate fueling system checklists are available. Aircraft will not
be fueled without qualified and certified personnel. Servicing
crewmembers include aircrews and/or ground support person-
nel. These operations will not be performed until SSEA vali-
dated and approved procedures have been accomplished on
the aircraft, fueling system, and support equipment. The SSEA
requires HQ AFMC/SES approval. Refer to Table 6-2 for
these aircraft and fuel systems that have been approved for
aircraft to aircraft fueling operations. Any deviation from this
policy will be approved by HQ AFMC/SES. In those cases
where combat or emergency situations require the use of air-
craft to aircraft refueling, the MAJCOM commander may
authorize deviations from this policy. Refer to Table 3-1 for
fire protection requirements.

6.13  MAJCOM DIRECTIVES.

Each MAJCOM involved in aircraft to aircraft ground refuel-
ing will publish directives regarding specific procedures for
accomplishing the operation. When hot refueling involves the
resources of more than one command, the approval of each

affected MAJCOM is required. A MAJCOM certification
team, composed of safety, fuel servicing (when appropriate),
aircraft maintenance (when appropriate), operations, fire pro-
tection and liquid fuels engineering (when appropriate) will
certify individual installations for these servicing operations
on a case by case basis. An onsite evaluation is not always
required. Specific items to be included in the MAJCOM
Directive are:

a. Procedures for certifying the site to be used for the fuel-
ing operation.

b. Procedures for certifying and training personnel
involved in the fueling operation.

c. Define responsibilities of various functional agencies to
include establishment of the MAJCOM Office of Pri-
mary Responsibility (OPR).

d. Other information necessary to assure a successful fuel-
ing operation is accomplished.
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Table 6-2.  Aircraft to Aircraft Refueling System Safety Engineering Analyses

PROVIDER RECEIVERS

B-1B* B-1B*

C-5A/B H-1

C/HC/MC-130* C/HC/MC-130*
H-1/H-3*/H-53*
UH-60A/L*, HH/MH-60G* 
Army helicopters approved for hot refueling

C-130N/P* (Drogue) H-3* (Probe)

CASA 212 Aircraft approved for hot refueling

CASA 235 Receiver approved for hot refueling

Cessna 208 Aircraft approved for hot refueling

C-141* C/HC/MC-130*
H-1/H-3*/H-53*
UH-60A*/L*, HH/MH-60G* 
Army helicopters approved for hot refueling 

H-53* H-1/H-3*/H-53*
UH-60A/L*, HH/MH-60G* 
Army helicopters approved for hot refueling 

EC/RC-135* EC/RC-135

KC-10* Senior Crown

KC-135A* KC-135A

KC-135D/E/R* KC-135D/E/R

KC-135T Senior Crown /Senior Year

*Engines may be operating.

NOTE: An R-9/R-11 fuel servicing vehicle equipped with a deadman control may be used as a fuel source/receiver during train-
ing sessions for operations involving aircraft other than AMC Tankers (KC-135 Series and KC-10).

NOTE: C-5A/B aircraft may be used to cold refuel US Army helicopters.

NOTE: C-17, C-130, C-141, and H-53 aircraft may be used to hot refuel US Army helicopters approved by the US Army for hot 
refueling.

NOTE: R-9/R-11 fuel servicing trucks equipped with deadman controls are only approved for H-3 and H-53 hot refueling when 
using a reduced pumping pressure of 25 psi or less.

NOTE: A Forward Area Manifold (FAM) cart may be used between any approved provider aircraft and any approved receiver 
aircraft provided the servicing hoses are fully extended in all directions.
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6.14  FUELS SERVICING USING THE AERIAL BULK
FUELS DELIVERY SYSTEM (ABFDS) WITH ALTER-
NATE CAPABILITY EQUIPMENT (ACE).

Aerial bulk fuel delivery systems that are equipped with filter
separators, dispensing hoses, fuel nozzles and hose end pres-
sure regulators, ACE, are permitted to service aircraft directly
from the cargo aircraft (C-17, C-130, or C-141). The normal
fuel servicing members involved in this operation are two
2F0X1 fuel specialists accompanying the fuel system, and cer-
tain aircrew members from the cargo (tanker) aircraft. Proce-
dures for this operation are provided in aircrew checklists and
TO 37A9-3-11-1CL-1. Use of this equipment is restricted to
combat, simulated combat, and training operations as directed
by the MAJCOM. These operations will not be performed
until SSEA evaluated and approved procedures have been
accomplished on the aircraft, fueling system, and support
equipment. The SSEA requires HQ AFMC/SES approval.
Refer to Table 6-3 for those aircraft that have been approved
for hot ABFDS with ACE fueling operations. Any deviation
from this policy shall be approved by HQ AFMC/SES. In
those cases where combat or emergency situations require the
use of ABFDS with ACE to aircraft refueling, the MAJCOM
commander may authorize a deviation from this policy. Refer
to Table 3-1 for fire protection requirements. Personnel per-
forming this operation must have:

a. A thorough knowledge of the aircraft and fuels servic-
ing equipment involved in the operation.

b. A thorough knowledge of and follow all safety proce-
dures.

c. A thorough knowledge of and follow the sequential
steps of the operation.

d. Undergone certification per command directives.

6.15  MAJCOM DIRECTIVES PROCEDURE.

Each MAJCOM involved in ABFDS with ACE to aircraft
ground refueling will publish directives regarding specific pro-
cedures for accomplishing the operation. When hot refueling
involves the resources of more than one command, the
approval of each affected MAJCOM commander is required.
A copy of each MAJCOM commander’s approval will be fur-
nished to HQ USAF/ILS and the aircraft system manager/
director. Specific items to be included in the MAJCOM direc-
tives are:

a. Procedures for certifying and training personnel
involved in the fueling operation.

b. Defined responsibilities of various functional agencies
to include establishment of the MAJCOM Office of Pri-
mary Responsibility (OPR).

c. Any other information necessary to assure a successful
fueling operation is accomplished.

Table 6-3.  ABFDS with ACE Refueling System Safety Engineering Analyses

PROVIDER AIRCRAFT RECEIVER AIRCRAFT HOT COLD

C-17/C-130/C-141 ABFDS with ACE 
Equipped Aircraft (These aircraft may 
have their engines operating)

A/OA-10 X X

C/HC/MC-130 X X 

C-141 X

F-15 X

H-1 X

H-3 X X

H-53 X X

UH-60A/L*, HH/MH-60G* X X

Army helicopters approved for hot refueling X X

*UH-60A/L and HH/MH-60G helicopters are not authorized to hot refuel the Internal Auxiliary Fuel Tank System (IAFTS) or 
the aircraft using the open port/over-the-wing method.

6-10 Change 1

J4ENEMAG
NEW FUEL SYSTEMS MAINTENANCE HANGAR                                                       ELM179DACA85-02-R-0009, AMENDMENT R0016

J4ENEMAG
       APPENDIX 12        Page 74



TO 00-25-172

6.16  RAPID/WET WING/HOT DEFUELING.

6.16.1  Rapid Defueling.  Rapid defueling reduces time and
provides a means to rapidly off load fuel from aircraft at a
higher flow rate than defueling systems and equipment are
capable of providing. This is accomplished by operating one
outboard aircraft engine, using on-board fuel transfer pumps
and bypassing the defuel pumps installed in the fuel servicing
systems. Rapid defueling presents hazards, which are not nor-
mally encountered in normal defueling operations. The fol-
lowing special precautions and instructions shall be followed
when rapid defueling:

a. Rapid defueling shall not be accomplished until a Sys-
tem Safety Engineering Analysis (SSEA) is performed
on the aircraft and fueling systems. KC-135A/E/R/T and
EC/RC-135 aircraft have been approved for rapid defu-
eling into Type I, Type II (Modified), Type III hydrant
systems, R-9/11 trucks, and R-14/25 carts. 

b. All rapid defueling ground crew members will be certi-
fied to perform rapid defueling operations by qualified
trainers/supervisors. An entry will be made in the indi-
vidual’s AF Form 623 on either the Career Field Educa-
tion and Training Plan (CFETP) or other prescribed
document, upon initial qualification, and annually there-
after in the applicable Management Information System
(MIS).

NOTE

At installations where aircraft parking space is limit-
ed and hydrant fuel pit spacing will not permit 50-
foot aircraft wing tip clearance, the (aircraft to air-
craft) wing tip separation can be reduced to a mini-
mum of 35 feet. However, whenever a distance of
less than 50 feet (wing tip to wing tip) is maintained
an aircraft rescue and fire fighting vehicle must be at
the aircraft during rapid defueling operations.

c. Intercom between the rapid defueling supervisor and the
fuels equipment (2F0X1) operator shall be maintained
during the entire operation.

d. The fuels operator will assume a position at the hydrant
pit, hosecart or defueling unit to monitor the equipment
for malfunctions. Should a malfunction occur, the rapid
defueling operation will be stopped immediately.

Personnel shall not be stationed on top of the servic-
ing unit during rapid defueling operations.

e. Rapid defueling directly into mobile fuel servicing vehi-
cles is an abnormal defueling procedure and is autho-
rized only when mission requirements dictate. It is not
permitted in day-to-day operations. When rapid defuel-
ing into fuel servicing vehicles, fuel will enter the vehi-
cle through the bottom loader only (R-11 fuel serving
vehicles can use the 3-inch hose reel assembly as long
as the fuel flow is maintained at 175 gpm or less). Test
the high-level shutoff valve within the first minute of
fuel flow to assure that it is operating properly. If the
high-level shutoff valve is inoperative or malfunctions,
stop the operation immediately.

f. Rapid defueling shall be conducted in accordance with
published aircraft and fuels equipment technical orders/
checklists.

6.16.2  Wet Wing Defueling.  Wet wing defueling is a simi-
lar operation for providing fuel in a forward operating area.
Rather than an aircraft or helicopter as the receiver, fuel is
transferred into US Army Forward Area Refueling Equipment
(FARE), Army tank truck, or 500 gallon sealed drums at a fuel
system supply point. This operation provides the rapid supply
of fuel needed for initial support of intense short duration
conflicts and is accomplished with four aircrew members. Per-
sonnel involved will be trained and certified as required by
MAJCOM directives. The US Army will furnish all required
fuel transfer equipment (including the interface equipment
between the aircraft and the US Army fuel system supply
point). Fire protection (Army supplied) for the operation is, as
a minimum, four dry chemical fire extinguishers of 80 BC
rating. For C-5 aircraft, wet wing defueling is accomplished
using electrical power from either a USAF-supplied ground
power unit (GPU) or the aircraft auxiliary power unit (APU).
For C-130 aircraft, electrical power is supplied from either a
GPU or by running number 1 and 2 engines. For C-141 air-
craft, electrical power is supplied from either a GPU or the
aircraft APU. For KC-135E aircraft (after TCTO 1388, 180L
APU), electrical power can be supplied from either a GPU, by
running an outboard engine, or the 180L APU. Refer to Table
6-4 for aircraft approved for wet wing defueling.

6.16.3  Hot Defueling.  Rapid defueling and wet wing defu-
eling operations are considered hot defueling operations when-
ever the provider/source aircraft has any engine running. In
addition to these aircraft, the C-17 and C-27 have been
approved by separate SSEAs for hot defueling operations.
During aircraft to aircraft refueling operations, and if the pro-
vider aircraft has at least one engine running, it is considered a
hot defueling operation.

Change 1 6-11

J4ENEMAG
NEW FUEL SYSTEMS MAINTENANCE HANGAR                                                       ELM179DACA85-02-R-0009, AMENDMENT R0016

J4ENEMAG
       APPENDIX 12        Page 75



TO 00-25-172

Table 6-4.  Wet Wing Defueling System Safety Engineering Analyses

PROVIDER RECEIVERS

C-5A/B US Army FARE/Truck/Drum

C-27 US Army FARE/Truck/Drum

C-130 R-14/US Army FARE/Truck/Drum

C-141 US Army FARE/Truck/Drum

KC-10 R-14/US Army FARE

KC-135 R-14/US Army FARE
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